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The  rationale  for  state  intervention  in 
the  allocation  of  resources  to  scientific 
research  and  development 


1.1  INTRODUCTION 

The  record  of  the  public  discussion  of  national  science  policy  contains  many 
reasons  why  the  government  of  Canada  should  intervene  to  increase  the  value  of 
resources  allocated  to  domestic  scientific  R&D.  Some  of  these  reasons  centre 
around  national  prestige.  Many  have  argued  that  more  R&D  is  necessary  to 
prevent  CaiTaTaTrohi  Tailing  behind  in  the  technological  race’  and  becoming  Ti 
second  rate  country.’  Others  have  argued  that  Canada  simply  must  have  ‘a  pres¬ 
ence’  or  ‘a  capability’  in  a  number  of  new  technologies.  Still  others  have  argued 
that  more  domestic  R&Djs  necessary  to  ‘pi'oniote  growth’  and  ‘create  jobs.’  “  ^  ^ 

This  study  takes  the  view  that  any  increase  in  the  value  of  resources  allocated 
to  R&D  must  be  assessed  in  the  light  of  its  effect  on  the  value  of  goods  and 
services  which  can  be  produced  with  the  nation’s  resource  endowment.  The  first 
task  of  any  proponent  of  state  action  to  increase  the  value  of  resources  allocated 
to  R&D  must  be  to  demonstrate,  within  the  type  of  framework  to  be  discussed  in 
this  study,  that  such  action  will  increase_  i^tional  income.  Society  may,  on 
occasion,  choose  to  allocate  additional  resources  to  R&D  even  when  it  is  demon¬ 
strated  that  this  will  draw  resources  away  from  activities  in  which  they  are  more 
productive  and  thus  reduce  national  income.  The  support  of  scientific  research 
in  universities,  based  on  a  social  commitment  to  the  accumulation  of  knowledge 
for  its  own  sake,  may  be  a  case  in  point.  A  decision  such  as  this  is  a  political  one 
and,  provided  the  members  of  society  are  aware  of  their  alternatives,  it  evokes 
no  comment  here.  This  study  does  comment  upon  the  incorrect  reasoning  which 
has  led  many  writers  and  policy  makers  to  assert  that  a  greater  R&D  effort  will 
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increase  our  national  income  in  cases  where  it  clearly  will  not  do  so.  It  might 
also  be  added  that  it  is  the  suspicion,  or  perhaps  the  bias  of  the  author,  that, 
given  a  choice  between  the  achievement  of  a  goal  such  as  the  enhancement  of 
national  prestige  and  a  higher  real  income,  Canadians  would  choose  the  latter. 
That  is,  it  is  better  to  be  ‘a  second  rate  country’  if  that  status  entails  a  higher  real 
income  for  the  country’s  inhabitants. 

A  secojid  possible  bias  inherent  in  this  study  is  its  assumption  that,  unless 
proven  otherwise,  the  normal  operation  of  markets  will  effect  an  efficient  de¬ 
ployment  of  resources.  State  intervention  can  be  justified  only  if  it  can  be 
demonstrated  that  there  is  a  reallocation  of  resources  which  would  increase 
national  income  and  that  the  market,  if  left  to  itself,  would  not  effect  this 
reallocation. 

When  evaluating  a  policy  proposal,  then,  this  study  asks  two  fundamental 
questions.  First,  would  the  implementation  of  the  policy  result  in  an  increase  in 
the  real  income  of  Canadians  as  a  group?  Second,  if  there  are  measures  which 
would  increase  the  real  income  of  Canadians,  why  is  it  not  in  the  interest  of 
some  individual  or  group  of  individuals  to  undertake  them?  Why  must  it  be  the 
state  that  undertakes  them?  ^  - ^ 

It  might  be  argued  that  in  the  case  of  innovative  activity  these  questions  are 
inherently  unanswerable.  Research  and  invention  are  not,  some  might  say, 
amenable  to  economic  analysis. 

There  are  a  great  number  of  influences  that  may  induce  invention.  These  may 
include  personal  gain,  curiosity,  the  outpourings  of  genius,  the  pressure  of  neces¬ 
sity,  the  type  of  competition,  random  and  chance  events  and  economic  forces  in 
general  ...  It  is  tempting  to  treat  invention  as  a  process  outside  the  economic 
system.  Creativity  is  such  a  tender  plant  and  so  susceptible  to  the  enemies  of 
promise  that  it  is  difficult  to  believe  that  it  can  be  forthcoming  in  a  predictable 
and  ordered  fashion.''  There  is  something  special  about  the  act  of  invention.  It 
would  seem  incongruous  that  it  should  be  nurtured  by  mundane  economic 
forces.^ 

If  it  is  the  case  that  technical  progress  is  fundamentally  a  matter  of  genius  or 
of  chance  and  is  not  related  in  any  systematic  manner  to  economic  forces,  the 
analysis  which  appears  in  the  following  chapters  has  very  little  relevance.  Indeed, 
if  the  innovative  activity  is  primarily  serendipitous,  government  science  policy 
with  its  associated  patent  grants,  subsidies,  tax  concessions  and  exhortations  to 

1  Parker  (1974,  31).  A  summary  of  the  extensive  debate  which  occurred  during  the  nine¬ 
teenth  and  early  twentieth  centuries  regarding  the  role  of  economic  motivation  in 
determining  the  pace  of  inventive  activity  is  provided  by  Plant  (1934). 
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do  more  research  is  also  irrelevant.  The  actions  of  the  state  will  have  no  effect  on 
the  pace  of  technical  progress. 

Fortunately  for  science  policy  and  for  this  study,  the  predictions  of  economic 
model  of  invention  have  been  in  accord  with  events.  In  his  assessment  of  Jacob 
Schmookler’s  (1966)  path-breaking  work  Parker  concludes 

Apparently  invention  is  susceptible  to  and  regulated  by  economic  forces.  The 
prospect  of  higher  profits  will  induce  effort.  There  is  at  any  time  a  stock  of 
unfinished  inventions  which  are  brought  to  fruition  by  thejiiducement  ofiiigher// 
profits  in  expanding  industries,  or  as  a  response  for  additional  output  when 
capacity  is  at  a  premium.  Invention  is  not  outside  the  economic  system.  Creativ¬ 
ity  and  ingenuity  respond  to  the  stimulus  of  attractive  prospects  ...  Tn  short,  the 
output  of  technological  advances  is  sensitive  to  the  same  economic  factors  that 
influence  the  output  of  more  pedestrian  products  and  services. ’(33) 

Thus  reassured,  one  is  able  to  proceed  with  the  construction  of  an  economic 
model  of  invention.  One  such  model  is  set  out  in  Section  1.2.  It  incorporates  an 
idealized  set  of  assumptions  which  include  perfect  certainty.  It  is  used  to 
enumerate  the  circumstances  under  which  the  market  may  fail  to  allocate  suffi¬ 
cient  resources  to  scientific  research  and  development,  thus  giving  rise  to  the 
possibility  of  the  type  of  state  intervention  which  would  increase  national  in¬ 
come.  In  Section  1.3  risk  is  introduced.  Finally,  in  Section  1.4  the  reasons  for 
state  intervention  advan&d  by  other  participants  in  the  discussion  of  science 
policy  are  examined,  again,  within  the  framework  described  above. 

1.2  STATE  INTERVENTION  UNDER  PERFECT  CERTAINTY 

In  this  section  a  model  owing  much  to  the  work  of  Griliches  (1 958),  Nordhaus 
(1967),  and  Scherer  (1972)  is  employed  for  the  purpose  of  detennining  the 
allocation  of  resources  to  the  production  of  new  knowledge  which  will  occur 
under  alternative  institutional  frameworks.  It  is  then  possible  to  assess  the  merits 
of  alternative  types  of  state  intervention.  The  model  analyses  the  consequences 
of  the  production  of  a  particular  type  of  new  knowledge,  that  embodied  in  a 
cost  reducing  process  innovation.  The  conclusions  reached  can  be  generalized. 
The  model  can  also  be  adapted  to  deal  with  other  types  of  new  knowledge  and 
this  possibility  will  be  discussed  briefly. 

Consider  the  competitive  industry  producing  good  X  under  the  cost  and 
demand  conditions  illustrated  in  Figure  1.  A  process  innovation  which,  if 
adopted,  would  have  the  effect  of  shifting  the  long-run  supply  function  down¬ 
ward  to  S'  becomes  available.  If  all  producers  are  able  to  adopt  the  invention 
without  paying  the  inventor,  the  market  price  of  good  X  will  be  bid  down  10^9 
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Figure  1 


and  equilibrium  output  will  increase  to  Q^.  The  social  gain  per  period  from  this 
innovation  is  given  by  the  area  Part  of  this  {PyP\P2)  is  the  reduction 

in  the  value  of  the  resources  required  to  produce  the  initial  output.  The  balance 
of  gain,  P^'P^'P-!,  is  the  consumers’  surplus  on  the  additional  output  of  the 
industry. 

If  we  let  C  be  the  percentage  reduction  in  the  supply  price  [(Pj  - 
which  results  from  the  innovation,  and  e  be  the  elasticity  of  demand  for  product 
X  at  P^,  then,  for  small  values  of  C,  the  present  value  of  the  flow  of  social 
benefits  resulting  from  this  process  innovation  can  be  written  as 

PV  =  [PjQj  C  +  C^]/r  (1) 

The  flow  of  benefits  is  assumed  to  be  perpetual  and  is  discounted  at  rate  r,  the 
social  discount  rate.  The  present  value  of  this  flow  is  an  increasing  function  of 
the  value  of  the  pre-innovation  sales  of  good  X,  the  elasticity  of  demand  for 
good  X,  and  the  percentage  reduction  in  costs  (supply  price)  achieved. 

The  present  value  of  the  change  in  the  social  benefit  which  results  from  a 
change  in  the  percentage  cost  reduction  achieved  is 

=PiQ\i}  +^C)lr  (2) 

Expression  (2)  is  the  marginal  social  benefit  from  an  increase  in  the  rate  of  cost 
reduction  achieved.  It  is  also  an  increasing  function  of  the  rate  of  cost  reduction 
achieved. 
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We  now  assume,  as  seems  reasonable,  that  the  rate  of  cost  reduction  achieved 
is  an  increasing  function  of  the  value  of  resources  allocated  to  research  and 
development  in  this  particular  area  or 

C  =  f{R)  f  >  0.  (3) 

This  implies  an  inverse  relationship 

R  =  g{C)  ^ >  0,  (4) 

which  states  that  the  value  of  resources  allocated  to  R&D  is  an  increasing  func¬ 
tion  of  the  rate  of  cost  reduction  desired.  In  addition  we  assume  that  the  R&D 

cost  of  successive  increases  in  the  rate  of  cost  reduction  is  itself  increasing.  Thus 

the  g  function  has  a  slope  which  is  positive  and  increasing. 

The  maximization  of  social  benefit  net  of  R&D  cost  from  cost  reduction 
requires  the  maximization  of 

which  implies  that  the  value  of  resources  allocated  to  the  development  of  pro¬ 
cess  innovations  in  the  production  of  good  X  be  such  that 

W=g'{C). 

The  determination  of  the  optimal  rate  of  cost  reduction  is  illustrated  in  Figure 
2.  Maximization  of  the  present  value  of  the  flow  of  social  benefits  net  of 
R&D  cost  implies  a  rate  of  cost  reduction  equal  to  Cj.  This  requires  the  allocation 
of  resources  with  a  present  value  of 

J  ^  lg'(C)]dC  =  R, 

to  R&D  and  implies  a  social  benefit,  net  of  R&D  cost  of 


r^‘[ic-/(c)]dc 

which  is  represented  by  area  V  in  Figure  2. 

The  optimal  rate  of  cost  reduction  is  C^.  We  must  now  consider  the  rate  of 
cost  reduction  that  will  be  achieved  under  alternative  institutional  environments. 
Assume,  first,  that  the  owners  of  the  resources  allocated  to  the  development  of 
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this  process  innovation  have  no  enforceable  property  right.  Any  producer  of 
good  X  can  adopt  the  innovation  without  payment  of  royalties.  The  return  to 
the  owners  of  the  resources  allocated  to  the  development  of  the  innovation  is 
zero.  Since  the  absence  of  an  enforceable  property  right  is  a  characteristic  of  the 
environment  which  will  be  known  in  advance,  the  private  market  will  not  allo¬ 
cate  any  resources  to  R&D.  The  loss  of  society,  resulting  from  the  inappro¬ 
priability  by  those  doing  the  R&D,  of  the  returns  to  it  is  given  by  area  K  in 
Figure  2. 

The  usual  response  to  this  type  of  ‘market  failure’  is  to  recommend  that  the 
state  use  its  borrowing  or  taxing  power  to  allocate  resources  with  a  value  of 
to  R&D  and  thus  achieve  the  optimal  rate  of  cost  reduction.  R&D  is  then  con¬ 
ducted  by  state  agencies  or  by  private  agencies  under  contract  to  the  state. 

An  alternative  response  is  for  the  state  to  award  the  owners  of  the  resources 
devoted  to  the  development  of  the  process  innovation  an  enforceable  property 
right.  One  such  property  right  would  be  a  patent  of  unlimited  duration.  The 
patentee  then  owns  the  right  to  an  innovation  which  allows  production  of  good 
2f  at  a  per  unit  cost  -  P2)  below  the  prevailing  market  price.  The  maximum 
per  unit  royalty  which  the  patentee  can  extract  from  X  producers  is  slightly  less 
than  (Pj  -  P9)  per  period.  In  this  case  the  market  price  can  be  assumed  to  remain 
at  Pj.  The  royalty  income  of  the  patentee  approaches  PjPj'P2^P2  per  period.  The 
present  value  of  this  income  is 

/  =  (ACiCj/r  (5) 

This  is  also  the  value  of  the  social  benefit  resulting  from  the  innovation.  All  else 
being  equal,  /  will  fall  below  the  maximum  possible  social  benefit,  W,  by  the 
amount  of  the  present  value  of  the  consumers’  surplus  on  the  foregone  con¬ 
sumption  of  X  The  P  function  (dlldC)  will  also  lie  below  the  W'  function  in 
Figure  2.  The  optimal  rate  of  cost  reduction  will  be  lower  than  and  the  social 
benefit  net  of  R&D  cost  will  be  less  than  V. 

Flad  the  process  innovation  been  made  freely  available  to  all  X  producers,  the 
price  of  X  would  have  been  bid  down  toP2  and  the  social  benefit  implied  by  the 
W  function  achieved.  This  illustrates  the  dilemma  of  the  patent  system.  The 
owners  of  the  rights  to  an  innovation  can,  in  this  case,  earn  a  positive  return  on 
the  innovation  only  by  restricting  its  use.  The  patent  system  provides  the  incen¬ 
tive  to  allocate  resources  to  R&D  but  does  so  at  the  cost  of  restricting  the  use  of 
the  results  of  such  R&D. 

If  the  patentee  is  able  to  effect  a  perfectly  discriminatory  pricing  system  for 
X,  this  problem  disappears.  The  patentee  could  then  monopolize  X  production 
and  operate  along  demand  schedule  (Figure  1)  so  as  to  extract 
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P^P^P-I'P-,  per  period  from  the  consumers  of  X.  The  resulting  social  benefit,  all 
of  which  accrues  to  the  patentee  is,  again,  given  by  the  function.  The  social 
benefit  net  of  R&D  costs  is  given  by  area  V  in  Figure  2.  A  patent  grant  of 
unlimited  duration,  coupled  with  the  ability  to  discriminate  perfectly  in  the 
pricing  of  X,  thus  yields  the  same  social  benefit  as  the  state  conduct  of  R&D  with 
its  results  being  made  available  free  to  all  X  producers.  While  these  alternatives 
are,  under  the  present  set  of  assumptions,  equivalent  in  efficiency  terms,  they  dif¬ 
fer  substantially  in  their  distributional  consequences.  The  benefits  of  state  con¬ 
ducted  R&D  accrue  to  the  consumers  of  good  X.  Under  the  patent  system 
envisaged  here  the  benefits  accrue  entirely  to  the  patentee.  The  reader  should 
note  for  future  reference  that  under  the  first  regime,  to  the  extent  that  good  X  is 
exported,  the  benefits  of  the  R&D  accrue  to  foreign  consumers  and  the  social 
return  to  the  resources  allocated  to  R&D  is  reduced.  Under  the  second  regime, 
the  resources  allocated  to  R&D  are  foreign  owned,  the  gain  IT  accrues  to 
foreigners,  and  the  benefits  to  Canada  are  nil.  Canadians  are  equally  well  off 
before  and  after  the  innovation. 

Abstracting,  for  the  present,  from  the  problem  of  the  nationality  of  both  the 
ownership  of  the  resources  allocated  to  R&D  and  the  consumers  of  good  X, 
society’s  choice  between  these  idealized  alternative  regimes  should  be  based 
upon  the  relative  costs  of  operating  them.  Both  the  government  and  the  patentee 
must  use  resources  to  monitor  the  efforts  of  those  involved  in  the  R&D  opera¬ 
tion.  In  this  respect  the  costs  of  the  alternative  systems  are  roughly  equivalent. 
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The  patentee  must  also  use  resources  to  ensure  that  those  using  the  innovation 
pay  for  its  use.  In  particular,  the  patentee  will  incur  the  cost  of  operating  a 
discriminatory  pricing  system  for  good  X}  Because  it  makes  the  innovation 
available  without  charge,  the  government  does  not  incur  this  cost.  It  is  in  the 
interest  of  the  patentee  to  achieve  an  allocation  resources  to  R&D  such  that  net 
private  benefit  (  W  -  g  (C)  in  this  case)  is  maximized.  If  R&D  is  conducted  by  the 
government,  the  officials  responsible  for  detemiining  the  value  of  resources 
allocated  to  R&D  will  also  be  guided  by  self-interest.  Since  any  net  benefits  do 
not  accrue  to  them,  it  is  not  in  their  interest  to  choose  an  allocation  that 
maximizes  net  benefits.  It  is  an  implication  of  the  theory  of  bureaus  that  it  is  in 
the  interest  of  government  officials  to  choose  an  allocation  which  exhausts  net 
benefits.^  That  is,  unless  other  behaviour  is  forced  on  them,  government  officials 
will  allocate  resources  with  a  value  greater  than  that  which  maximizes  social  net 
benefit  to  R&D.  The  government,  therefore,  incurs  the  costs  associated  with 
enforcing  maximizing  behaviour  on  its  officials.  If  this  exceeds  the  cost  incurred 
by  a  patentee  in  the  appropriation  of  the  net  benefits  of  the  innovation,  the 
idealized  patent  system  will  achieve  an  efficient  allocation  of  resources  to  R&D 
at  a  lower  cost  than  will  the  government  conduct  of  it.  If  the  patentee  is  a 
corporation  rather  than  an  individual,  its  owners  will  also  incur  the  cost  of 
enforcing  maximizing  behaviour  on  its  officials."^  Government  conduct  of  R&D 
would  then  be  the  lower  cost  alternative. 

I  To  summarize,  under  conditions  of  perfect  certainty  one  finds  that  govern¬ 
ment  conduct  of  R&D  with  the  results  made  freely  available  and  a  patent  grant 
of  unlimited  duration  coupled  with  the  right  to  engage  in  price  discrimination 
i  are  equivalent  in  terms  of  their  allocative  efficiency.  Distributional  considera¬ 
tions  notwithstanding,  the  choice  between  these  two  regimes  must  be  based  on 
the  enforcement  costs  each  entails.  These  are  the  costs  of  enforcing  both  prop¬ 
erty  rights  and  maximizing  behaviour.  There  is  no  a  priori  reason  to  believe  that 
one  regime  necessarily  entails  higher  enforcement  costs.  The  choice  between 
I  regimes  will,  therefore,  be  made  on  empirical  rather  than  theoretical  grounds. 

In  the  idealized  environment  assumed  above  there  is  no  need  for  the  partial 
subsidization  of  R&D.  If  there  is  no  property  right,  the  subsidy  must  cover  all 
R&D  costs.  It  is  then  an  R&D  contract.  If  a  property  right  such  as  that  defined 
above  exists,  no  subsidy  is  required.  If,  however,  we  assume  that  the  returns  to 

2  For  a  simple  analysis  of  the  allocative  efficiency  effects  of  perfect  price  discrimination 
when  such  discrimination  is  not  costless,  see  Williamson  (1975,  11-13). 

3  For  a  summary  of  the  literature  on  the  level  of  activity  chosen  by  a  government  agency, 
see  Hettich  (1975). 

4  For  a  theoretical  discussion  of  the  costs  of  enforcing  maximizing  behaviour  on  corporate 
officials,  see  Jensen  and  Meckling  (1975). 
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the  innovation  are  partially  appropriable  by  the  owners  of  the  resources  allo¬ 
cated  to  innovative  effort,  a  rationale  for  partial  subsidization  emerges. 

Assume  now  that  the  owners  of  the  resources  devoted  to  the  innovation  are 
granted  a  limited  property  right.  Society  gives  them  the  right  to  collect  royalties 
from  X  producers  for  T  periods.  At  the  end  of  T  periods  the  innovation  may  be 
used  without  payment  of  royalties.  Discriminatory  pricing  of  good  X  is  for¬ 
bidden.^  Producers  of  X  will  then  pay  a  maximum  of  {P^  —  P2)  per  unit  of  X  for 
the  rights  to  use  the  innovation.  The  price  of  X  remains  at  Pj  for  the  duration  of 
the  patent  term,  after  which  it  is  bid  down  to  P2  ■  While  the  patent  is  in  effect, 
then,  neither  the  price  nor  the  output  of  good  X  is  changed. 

The  royalty  income  of  the  patentee  is  P\QiC  per  period.  The  present  value  of 
the  flow  of  royalty  income  is 


G  =  (/’iGi/r)  (1  -  e->'T)C. 


(6) 


Expression  (  6)  is  also  the  privately  appropriable  portion  of  the  flow  of  benefits 
resulting  from  the  innovation. 

The  present  value  of  the  flow  of  social  benefits  resulting  from  the  innova¬ 
tion  is 


B  =  iPyQylr)C  +  {ePyQ^e-’-T  l2r)C\ 


(7) 


It  will  be  recalled  that  expression  ( 1)  yielded  the  value  of  the  maximum  possible 
social  benefit,  IT,  which  could  result  from  a  given  process  innovation.  This 
occurred  under  circumstances  of  perfect  appropriability  or  government  conduct 
of  R&D.  Given  the  situation  of  imperfect  appropriability  now  being  investigated, 
the  social  benefit,  B,  is  given  by  expression  (7).  Other  things  being  equal,  as  the 
patent  term  tends  to  zero,  social  benefit  B  approaches  the  maximum  possible 
social  benefit,  W.  A  glance  at  expression  (6)  reveals  that  as  the  patent  term 
approaches  zero,  privately  appropriable  benefits  do  likewise.  This  again  illus¬ 
trates  the  dilemma  of  the  patent  system.  An  increase  in  appropriability  increases 
innovative  effort  but  reduces  the  social  benefit  derived  from  that  effort. 

As  the  patent  term,  T,  tends  to  infinity,  the  privately  appropriable  benefits, 
G,  and  the  social  benefit,  B,  tend  to  ec]uality  at  a  value  which  lies  below  the 

5  For  a  description  of  the  current  Canadian  patent  system,  see  Economic  Council  of 
Canada,  Report  on  Intellectual  and  Industrial  Property  (1968),  45-101).  The  present 
patent  term,  T,  is  seventeen  years.  Whether  price  discrimination  by  a  patentee  is  actually 
forbidden  by  current  legislation  is  unclear.  See  the  Report  on  Intellectual  and  Industrial 
Property  70-75  for  a  discussion  of  this  point.  The  case  in  which  innovations  are  not 
patentable  but  can  be  kept  secret  and  are  therefore  not  copied  for  T  periods  is  identical. 


12  Government  support  of  research  and  development 


maximum  possible  social  benefit,  W,  by  the  present  value  of  the  consumers’ 
surplus  lost  by  preventing  good  X  from  being  sold  atP2- 

Society  is  then  left  with  a  choice  between  a  short  patent  term  which  implies 
that  relatively  little  inventive  effort  will  be  forthcoming  and  a  long  patent  term 
which  entails  a  loss  of  consumers’  surplus  due  to  the  failure  of  the  price  of  good 
X  to  follow  its  production  cost  downward.  Nordhaus  (1967)  has  responded  to 
this  dilemma  by  finding  the  patent  term  which  maximizes  social  benefits,  .5.  In 
this  study,  we  take  the  patent  term  as  given  and  find  the  subsidy  system  which 
maximizes  social  benefits. 

From  expressions  (1),  (6),  and  (7),  we  find  the  change  in  the  maximum 
possible  social  benefit  resulting  from  a  change  in  the  rate  of  cost  reduction 

=P,Ql/r+(FiQie/r)C,  (8) 

the  change  in  the  actual  social  benefit  resulting  from  a  change  in  the  rate  of  cost 
reduction 

B'=FiQi/r  +  (ePiQie-''^/r)C,  (9) 

and  the  change  in  the  present  value  of  the  patentee’s  income  resulting  from  a 
change  in  the  rate  of  cost  reduction 

G’  =  (F^Q^/r)  (1  (10) 

Equations  (8)  —  (10),  together  with  the  derivative  of  equation  (4),  are  plotted 
in  Figure  3. 

A  rate  of  cost  reduction  equal  to  will  maximize  the  present  value  of  the 
net  income  of  the  patentee.  At  this  point  the  marginal  R&D  cost  of  a  change  in 
the  rate  of  cost  reduction  is  just  equal  to  the  present  value  of  the  marginal 
change  in  income  which  results  from  it.  Achievement  of  this  rate  of  cost  reduc¬ 
tion  requires  R&D  expenditures  with  a  present  value  of 

Xg 

J  0 

The  present  value  of  the  patentee’s  income  is  an  increasing  function  of  the 
initial  value  of  industry  output.  The  model  thus  predicts  that  the  profit  maxi¬ 
mizing  rate  of  cost  reduction  and  level  of  R&D  expenditures  is  an  increasing 
function  of  the  initial  value  of  industry  output.  Schmookler  and  Griliches 
(1963)  found  the  evidence  on  patenting  activity  to  be  consistent  with  this  pre¬ 
diction.  Among  their  findings  are  that  patenting  activity  varies  with  value  added 
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across  industries  at  any  point  in  time  and  that  patenting  activity  within  an 
industry  varies  with  past  levels  of  industry  value  added. 

For  a  given  rate  of  cost  reduction  and  marginal  social  benefits  exceed  the 
marginal  income  of  the  patentee.  This  is  due,  first,  to  the  limited  term  of  the 
patent.  Social  benefits  are  assumed  to  continue  indefinitely  but  are  appropriable 
only  during  the  term  of  the  patent.  Second,  on  the  expiry  of  the  patent,  the 
price  of  X  is  bid  down  to  P2,  resulting  in  an  increase  in  consumers’  surplus.  The 
present  value  of  this  increase  is 

(€F^Q^e~'''^/r)  C. 

Because  the  marginal  social  benefit  exceeds  the  marginal  private  benefit  of 
any  given  rate  of  cost  reduction,  the  rate  of  cost  reduction  which  is  optimal 
from  a  social  point  of  view,  C^,  exceeds  that  which  maximizes  the  wealth  of  the 
owners  of  resources  allocated  to  R&D.  The  divergence  between  the  rate  of  cost 
reduction  which  results  from  the  operation  of  the  market  and  that  which  is 
socially  desirable  can  be  removed  by  paying  a  subsidy  with  a  present  value  given 
by  area  L  in  Figure  3  to  owners  of  resources  which  are  to  be  allocated  to  R&D. 
The  present  value  of  the  social  gain  resulting  from  the  payment  of  this  subsidy  is 
given  by  area  H. 

Although  the  subsidy  increases  the  net  benefits  which  flow  from  cost- 
reducing  process  innovations,  the  combination  of  subsidies  with  patent  grants  of 
finite  duration  does  not  result  in  the  maximum  possible  net  benefits.  The  dif¬ 
ference  between  the  latter  and  those  achieved  under  this  system  is  given  by  area 
K.  K  is  equal  to  the  present  value  of  consumers’  surplus  lost  while  the  patent  is 
in  effect.  Owing  to  the  collection  of  a  per  unit  royalty  of  P^-  P-,,  the  price  of  X 
remains  at  P^  which  exceeds  the  new  long-run  supply  price  of  X,  P2,  and  con¬ 
sumers’  surplus  with  a  present  value  of  {eP^Q]^  (1  -  e~^^)l2r)C^  is  lost. 

As  the  patent  term  decreases,  both  the  potential  social  gains  from  subsidiza¬ 
tion  and  the  optimal  subsidy  as  a  proportion  of  R&D  expenditures  increase.  To 
take  the  extreme  cases,  as  the  patent  term  approaches  zero,  B'  tends  to  equality 
with  W' .  G'  tends  to  zero,  however,  and  the  market  allocates  no  resources  to 
R&D.  The  optimal  subsidy  covers  all  R&D  costs.  As  the  patent  term  approaches 
infinity,  the  B'  and  G'  functions  become  horizontal  with  intercept  0  (see  Figure 
3).  There  are  no  gains  to  be  made  from  the  subsidization  of  R&D.  The  optimal 
subsidy  is  zero. 

To  summarize,  given  the  imperfect  appropriability  associated  with  a  limited 
term  patent  grant  or  with  an  innovation  which  can  be  kept  secret  for  a  limited 
time,  the  subsidization  of  R&D  is  warranted  on  allocative  efficiency  grounds. 
Unless  the  patentee  can  discriminate  perfectly  in  setting  the  price  of  good  X,  the 
social  benefits  produced  by  this  patent-subsidy  combination  can  never  be  as 
great  as  those  produced  by  state  conduct  of  R&D  (100%  subsidy,  no  property 
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rights)  or  by  a  patent  grant  of  unlimited  duration  coupled  with  the  right  to 
discriminate  perfectly  in  the  pricing  of  X. 

A  similar  rationale  for  the  subsidization  of  R&D  can  be  derived  for  the  case  of 
a  product  innovation.  It  can  be  shown  that  only  in  the  case  of  an  unlimited 
patent  term  and  perfect  discrimination  in  the  pricing  of  the  new  product  will  the 
market  allocation  of  resources  to  R&D  also  be  socially  optimal.  Given  the  partial 
appropriability  of  the  returns  to  R&D  discussed  above,  subsidization  of  R&D  is 
again  justified  on  allocative  efficiency  grounds. 

Although  they  have  had  little  impact  on  the  fonnation  of  science  policy,  the 
conclusions  arising  from  the  above  analysis  have  assumed  the  status  of  conven¬ 
tional  wisdom  among  economists.  They  are  not,  however,  without  their  critics. 
Among  the  more  important  criticisms  are  those  raised  by  Hirshleifer  (1971)  and 
Eads  (1974). 

Hirshleifer  has  argued  that,  in  addition  to  appropriating  all  or  part  of  the 
social  value  (benefit)  of  his  invention,  an  inventor  may  use  his  ‘inside’  knowledge 
of  the  ultimate  redistributive  effects  of  the  invention  for  speculative  purposes.  A 
process  innovation  which  lowers  the  cost  of  producing  good  X  may,  for 
example,  reduce  the  value  of  firms  producing  competing  good  Z.  Inside  knowl¬ 
edge  of  the  invention  and  its  subsequent  effects  would,  in  this  case,  induce 
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insiders  to  take  up  a  short  position  in  the  shares  of  Z  producers.  By  exploiting 
the  ignorance  of  other  investors  regarding  the  future  value  of  Z  producers,  the 
inventor  or  other  insiders  could  earn  returns  in  excess  of  the  social  benefit 
resulting  from  the  invention  itself.  Once  this  knowledge  has  had  its  effect  on 
relative  prices,  there  are,  of  course,  no  further  gains  of  this  nature  to  be  made. 
The  size  of  his  speculative  income  therefore  depends  on  the  extent  to  which  an 
inventor  can  monopolize  and  act  upon  his  foreknowledge  of  the  effects  of  the 
invention. 

Hirshleifer  argues  that  because  an  inventor  could  conceivably  earn  an  income 
in  excess  of  the  social  value  of  his  invention  and  because  the  size  of  the  specula¬ 
tive  gains  resulting  from  an  invention  need  not  be  related  to  its  social  value,  the 
possibility  of  an  over-allocation  of  resources  to  inventive  activity  in  general  or  to 
inventive  activity  which  generates  large  speculative  gains  exists.  In  response  it 
can  be  argued  that  this  effect,  while  it  undeniably  exists,  is  likely  to  be  quan¬ 
titatively  unimportant.  First,  inventive  activity  is  not  the  only  activity  which  has 
the  potential  to  generate  knowledge  of  the  future  course  of  relative  prices.  The 
speculative  gains  it  does  generate  need  not  make  it  especially  attractive  relative 
to  other  activities.  Second,  the  technical  environment  and  hence  the  probability 
of  inventions  of  a  given  type  and  magnitude  will  be  widely  known  and  thus 
reflected  in  market  prices.  Very  little  information  will  be  truly  ‘inside’  informa¬ 
tion.  Third,  the  relatively  high  transactions  costs  involved,  for  example,  in  enter¬ 
ing  into  a  wide  range  of  futures  contracts,  will  preclude  the  exploitation  of  any 
truly  ‘inside’  information  on  a  scale  sufficient  to  result  in  a  significant  augmenta¬ 
tion  of  an  inventor’s  income. 

Eads  argues  that  the  deviation  between  the  social  and  private  benefits  of  new 
inventions  is  not  the  only  relevant  distortion.  The  derived  demand  for  R&D  may, 
as  a  result  of  other  types  of  government  intervention  or  of  cartel  behaviour, 
exceed  that  which  would  otherwise  prevail.  The  subsidy  then  aggravates  rather 
than  ameliorates  the  misallocation  of  resources.  As  an  example  Eads  cites  the 
effect  of  non-price  competition  by  airlines  on  the  rate  of  introduction  of  new 
aircraft.  Ele  argues  that,  had  fares  been  allowed  to  reflect  the  differing  qualities 
of  aircraft  available,  the  rate  of  introduction  of  new  aircraft  would  have  been 
slower  (this  is  confirmed  by  Canadian  observers)  and  fewer  resources  would  have 
been  devoted  to  R&D  in  the  aircraft  industry.  Subsidization  of  the  R&D  expendi¬ 
tures  of  aircraft  builders  resulted  in  further  increases  and,  in  Eads  view,  an  even 
greater  misallocation  of  resources. 

Eads’s  criticism  is  simply  one  more  manifestation  of  the  problem  of  ‘second 
best.’  If  there  are  other  distortions  in  the  economy  (monopoly,  tariffs,  or  taxes), 
correcting  one,  the  deviation  between  the  private  and  social  returns  to  invention, 
does  not  necessarily  increase  national  income.  As  in  the  aircraft  example,  above. 
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distortions  may  offset  one  another  and  the  removal  of  only  one  of  them  de¬ 
creases  national  income. 

This  ‘second  best’  problem  is  a  source  of  some  difficulty  for  those  wishing  to 
provide  a  theoretically  sound  rationale  for  virtually  any  microeconomic  policy. 
In  the  aircraft  case  above,  the  obvious  ‘first  best’  policy  would  have  been  to 
allow  air  fares  to  vary  so  that  airlines  could  offer  older  equipment  -  lower  fare 
options  to  travellers  and  at  the  same  time  institute  any  subsidies  necessary  to 
equate  the  social  and  private  returns  to  aircraft  development.  In  general,  one 
must  advocate  that  policies  which  reduce  other  distortions,  especially  those  in 
areas  of  related  activity,  be  implemented  along  with  the  R&D  subsidy  system. 

1.3  RISK  AND  STATE  INTERVENTION 

Individual  R&D  projects  are  risky.  Each  has  a  range  of  possible  outcomes.  Risk 
averse  individuals  will  pay  more  for  an  asset  which  yields  a  given  rate  of  return 
with  certainty  than  for  an  asset  the  returns  to  which  are  subject  to  a  probability 
distribution  even  though  the  expected  return  to  both  assets  is  the  same.  They 
must,  in  other  words,  be  compensated  for  bearing  risk.  This  compensation  is  part 
of  the  cost  of  doing  R&D.  It  has  been  argued  that  while  individuals  must  be 
compensated  for  bearing  risk,  the  state  or  society  as  a  whole  need  not  be.  Risk 
bearing  is  a  private  but  not  a  social  cost.  In  this  case  society  should  undertake 
the  risk  bearing  function.  In  operational  terms  this  implies  that  the  government 
do  all  R&D  or  that  the  government  have  R&D  done  by  firms  or  individuals  on 
cost  plus  contracts.  It  is  conceivable  that  the  state  offer  to  insure  all  R&D 
projects  for  the  perfect  certainty  rate  of  return.^  Through  the  use  of  partial 
subsidies  and  forgivable  loans  the  state  can  also  bear  part  of  this  risk  associated 
with  a  given  project. 

In  our  consideration  of  risk  bearing  as  a  rationale  for  state  intervention  we 
deal  with  three  questions.  These  are: 

1  What  is  the  mechanism  by  which  the  cost  of  risk  bearing  can  be  reduced  or 
eliminated? 

2  What  are  the  limitations  on  efforts  to  reduce  the  cost  of  risk  bearing? 

3  Can  these  limitations  be  overcome  more  readily  by  the  state  than  by  the 
market? 

If  it  can  be  demonstrated  that  risk  can  be  borne  at  lower  cost  through  the 
state  than  through  the  market,  we  shall  assign  a  risk  bearing  role  to  the  state. 

6  All  projects  with  an  expected  return  equal  to  or  greater  than  the  perfect  certainty  rate 
of  return  would  be  guaranteed  the  latter.  Anything  in  excess  of  the  latter  would  accrue 
to  the  state. 
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Risk  can  be  reduced  and,  under  certain  circumstances,  eliminated  entirely  by 
diversification.  If  the  outcomes  of  all  R&D  projects  are  statistically  independent, 
their  rates  of  return  can  be  viewed  as  independent  random  variables.  The  mean 
rate  of  return  on  a  portfolio  of  ii  R&D  projects  is 

-  1  ” 

71==  77  .  S  71/, 

77,^1  7 

where  tt^  is  the  rate  of  return  on  the  zth  project.  The  expected  value  of  the  mean 
rate  of  return  is 

i: 
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which  is  simply  the  average  of  the  expected  return  on  each  project.  If  each 
project  has  an  expected  return  in  excess  of  the  social  discount  rate,  then  the 
expected  return  on  the  portfolio  will  exceed  the  social  discount  rate. 

The  variance  of  the  average  return  on  independent  projects  is 


var  (77)=  var 


zz 

2  71  j 

/  =  1  ' 


=  K  ■ o,)- 

zz^  z  =  1 


If  the  variances  of  the  distributions  of  each  of  the  Jif  are  the  same 
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The  variance  of  the  average  return  on  zz  independent  R&D  projects  tends  to  zero 
as  n  becomes  large.  The  distribution  of  possible  returns  to  the  portfolio  collapses 
about  its  expected  value.  To  interpret  this  intuitively,  if  projects  are  indepen¬ 
dent,  very  low  and  very  high  rates  of  return  will  tend  to  cancel  each  other  out  so 
that,  for  large  portfolios,  the  average  return  on  the  portfolio  will  be  stable.  Since 
there  is  little  or  no  variation  in  the  return  to  the  portfolio,  there  is  little  or  no 
risk  attached  to  holding  it.  This  is  the  source  of  the  argument  advanced  by 
Arrow  (1962)  that,  because  there  will  be  little  variation  in  the  average  return  to 
all  R&D  projects  undertaken  by  society,  society  bears  little  risk  and  should 
therefore  be  indifferent  to  it. 

If  the  outcomes  of  the  R&D  projects  are  not  independent,  however,  elimina¬ 
tion  of  risk  by  the  simple  device  of  pooling  a  large  number  of  projects  is  no 
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longer  possible.  Consider  the  extreme  case  in  which  the  returns  to  all  projects  are 
perfectly  correlated.  A  tendency  in  this  direction  would  arise  if  the  returns  to  all 
projects  were  correlated  with  the  business  cycle.  In  this  case  the  variance  of  the 
return  to  a  portfolio  of  n  projects  is 

var  (n)  =  var  J  y7r,)j  = 

I  II  n 

+  i  Z  S  COV  (tt.tt,). 
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If  the  71 1  are  perfectly  correlated  and  the  variances  of  the  are  the  same 

var  (tt)  =  var(7T/)  +  ^  {n){n-  1)  var  (tt,-) 
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The  variance  of  the  average  rate  of  return  to  a  portfolio  of  n  projects  is  the  same 
as  the  variance  of  the  return  to  each  project.  The  ‘naive  diversification’  of 
pooling  a  large  number  of  projects  does  not  reduce  risk.  From  both  a  social  and 
a  private  viewpoint  risk  does  exist. 

If  the  returns  to  individual  R&D  projects  are  less  than  perfectly  correlated, 
some  risk  can  be  eliminated  by  diversification.^  The  simple  device  of  viewing 
investment  projects  in  the  aggregate  is  no  longer  sufficient,  however,  to  eliminate 
risk,  and  society  as  a  whole  can  not  be  indifferent  to  it. 

Risk  reduction  is  an  economic  good  for  which  risk  averse  individuals  would 
be  willing  to  pay.  One  would  therefore  expect  to  observe  the  emergence  of 
institutions  which,  operating  through  markets,  supplied  this  good.  If,  for 
example,  the  returns  to  all  R&D  projects  were  independent,  an  institution  which 
had  an  equity  position  in  a  large  number  of  projects,  each  of  which  had  an 
expected  return  in  excess  of  the  (risk-free)  social  discount  rate,  would  consis¬ 
tently  earn  a  return  in  excess  of  the  discount  rate.  That  is,  the  variance  of  the 
return  to  the  institution  would  approach  zero.  Such  an  institution  would  find  it 

7  To  take  another  extreme  case:  if  the  returns  to  two  projects  are  perfectly  negatively 
correlated,  the  variance  of  the  average  return  to  a  portfolio  consisting  of  these  two 
projects  is  zero.  In  this  case,  risk  can  be  eliminated  without  resorting  to  the  pooling  of  a 
large  number  of  projects.  If  the  correlation  is  less  than  perfectly  negative,  diversification 
can  reduce  risk  but  not  eliminate  it. 
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profitable  to  take  an  equity  position  in  any  R&D  project  with  an  expected  return 
in  excess  of  the  risk-free  discount  rate,  regardless  of  the  variance  of  the  distribu¬ 
tion  of  its  possible  rates  of  return.  Two  factors  militate  against  the  emergence  of 
this  type  of  institution.  The  first  is  the  ‘moral  factor.’  The  absorption  by  the  risk 
pooling  institution  of  all  risk  associated  with  a  project  relieves  those  involved  of 
both  the  costs  of  its  failure  and  any  rewards  associated  with  its  success.  The 
independence  of  their  reward  from  the  outcome  of  the  project  may  alter  their 
efforts  and  hence  the  outcome  of  the  project.  The  shifting  of  risks  changes  the 
incentive  system  and  may  reduce  the  expected  return  to  the  project.  Where  the 
effect  of  moral  hazard  is  to  reduce  the  expected  return  below  the  risk  free 
discount  rate  a  project  will  not  be  undertaken.  The  dilemma  here  is  that,  unless 
risks  are  shifted,  the  project  will  not  be  undertaken.  If  they  are  shifted,  the 
project  will  not  be  worth  undertaking. 

The  second  factor  militating  against  risk  reduction  by  the  market  is  the 
transactions  cost  associated  with  determining  the  expected  return  to  a  project, 
monitoring  the  activities  of  those  involved  in  it  and  enforcing  such  terms  of  the 
contract  as  the  claim  of  the  risk  bearing  institution  to  residual  returns.  The  cost 
of  determining  potential  returns  are  likely  to  be  particularly  high  in  the  case  of 
an  R&D  project.  Inclusion  of  transactions  costs  may  again  result  in  the 
reduction  of  expected  return  below  the  discount  rate. 

In  summary,  the  extent  to  which  risk  can  be  reduced  through  diversification 
and  the  nature  of  the  diversification  required  is  determined  by  the  statistical 
relationship  among  the  returns  to  the  projects  involved.  The  extent  to  which  the 
risk  reduction  achieved  via  the  market  mechanism  approaches  that  which  is 
statistically  possible  depends  on  moral  hazard  and  transactions  cost.  These  same 
costs  would  be  incurred  by  the  state  if  it  were  to  undertake  the  risk-bearing 
function.  Thus,  the  extent  to  which  the  risk  reduction  achieved  by  the  state 
approaches  that  which  is  statistically  possible  also  depends  on  moral  hazard  and 
transactions  cost.  Unless  the  state  can  avoid  these  costs,  its  undertaking  of  the 
risk-bearing  function  should  result  in  an  allocation  of  resources  to  risky  projects 
which  does  not  differ  from  that  resulting  from  the  operation  of  the  market. 
There  is,  at  present,  no  theoretical  reason  to  believe  that  the  state  can  avoid  the 
moral  hazard  and  transactions  costs  incurred  by  those  operating  through  the 
market.  Further  investigation  of  this  issue  is  clearly  desirable.  Given  the  present 
state  of  knowledge,  however,  we  must  conclude  that  if  a  project  is  ‘too  risky’  in 
the  sense  that  its  expected  return  after  allowing  for  transactions  cost  and  moral 
hazard  is  not  sufficient  to  induce  any  individual  (or  group)  to  bear  the  non- 
diversified  risk  associated  with  it,  then  it  is  also  ‘too  risky’  for  the  state.  Conduct 
by  the  state  of  R&D  projects  which  would  not  be  undertaken  in  a  market 
environment  cannot  be  justified  on  the  basis  that  the  appropriate  markets  for 
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risk-shifting  do  not  exist.  The  absence  of  such  markets  may  indicate  that  the 
costs  of  risk-shifting  outweigh  its  benefits.®  There  is  no  reason  to  believe  that 
this  will  not  also  be  true  of  state  efforts  to  undertake  this  function. 

The  foregoing  has  considered  the  argument  that  the  state  engage  in  risk¬ 
bearing  because  of  advantage  it  might  have  in  the  reduction  of  risk  by  diversifica¬ 
tion  or  risk-pooling.  Arrow  and  Lind  (1970)  have  argued  that  the  state  engage  in 
risk  bearing  because  of  advantages  it  has  in  risk-spreading.  That  is,  because  the 
state  spreads  a  given  risk  among  all  taxpayers,  the  proportion  of  that  risk  which 
will  be  incurred  by  each  taxpayer  is  so  small  that  it  can  be  borne  without  cost. 

...  when  the  risks  associated  with  a  public  investment  are  publicly  borne,  the 
total  cost  of  risk-bearing  is  insignificant  and,  therefore,  the  government  should 
ignore  uncertainty  in  evaluating  public  investments.  Similarly,  the  choice  of  a 
rate  of  discount  should  in  this  case  be  independent  of  considerations  of  risk. 
This  result  is  obtained  not  because  the  government  is  able  to  pool  investments 
but  because  the  government  distributes  the  risk  associated  with  any  investment 
among  a  large  number  of  people.  It  is  this  risk-spreading  aspect  of  government 
investment  that  is  essential  to  the  result.^ 

This  argument  is  no  stronger  than  the  risk-pooling  argument  considered 
above.  There  are  three  reasons  for  its  limited  influence.  First,  the  proof  that  the 
aggregate  risk  premium  tends  to  zero  as  the  number  of  taxpayers  becomes  large 
requires  that  the  returns  to  the  projects  involved  be  independent.  That  is,  if  the 
outcome  of  a  risky  venture  is  positively  correlated  with  a  taxpayer’s  other  in¬ 
come,  it  can  not  be  shown  that  the  latter  will  be  willing  to  bear  even  a  very  small 
risk  at  no  cost.  Thus,  if  the  returns  to  all  projects  are  not  independent,  it  is 
technically  impossible  to  eliminate  risk  either  by  risk-pooling  or  by  risk¬ 
spreading. 

Second,  if  the  aggregate  cost  of  risk-bearing  can  be  reduced  by  a  wider  spread¬ 
ing  of  the  ownership  of  a  risky  venture,  there  is  obviously  scope  for  a  mutually 
beneficial  exchange  between  owners  and  non-owners.  One  might  expect  that, 
subject  to  the  limitations  of  moral  hazard  and  transactions  cost,  a  market  would 
arise  to  effect  such  exchanges.  Since  the  type  of  risk-spreading  described  by 
Arrow  and  Lind  forces  all  taxpayers  to  undertake  a  risk-bearing  function 
whether  or  not  they  would  have  chosen  to  do  so,  it  must  be  regarded  as  inferior 


8  There  may  be  legal  impediments  to  the  emergence  of  the  appropriate  risk-shifting  institu¬ 
tion.  If  this  is  the  case,  the  ‘first  best’  solution  is  to  remove  the  impediment. 

9  Arrow  and  Lind  (1970,  366). 
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to  the  risk-spreading  effected  in  the  market,  unless  it  can  be  shown  that  state 
risk-spreading  avoids  some  of  the  moral  hazard  and  transactions  costs  to  which 
market  exchanges  are  subject. 

Third,  either  or  both  of  the  costs  and  benefits  of  a  project  may  accrue  to  a 
subset  of  taxpayers.  The  share  of  the  project  risk  borne  by  the  members  of  this 
subset  is  not  necessarily  infinitesimal  and  payment  of  a  risk  premium  will  be 
required  to  induce  them  to  bear  it.  Arrow  and  Lind  concede  that 

Benefits  accruing  to  individuals  should  be  discounted  according  to  individual 
time  and  risk  preferences 

and  that 

...  finding  the  marginal  rate  of  return  on  assets  with  similar  payoffs  in  the  private 
sector  and  using  this  as  a  rate  of  discount  appears  reasonable  for  discounting 
those  costs  and  benefits  which  accrue  privately.  (377) 

The  benefits  of  industrial  R&D  will  be  confined  to  those  who  perform  it  and 
to  those  using  the  new  products  or  products  produced  by  the  new  processes 
which  result  from  this  R&D  (see  Section  1.2).  This  may  be  a  relatively  small 
number  of  individuals  and  the  benefits  involved  may  constitute  a  relatively  large 
fraction  of  their  wealth.  In  this  case  these  benefits  should  be  discounted  at  the 
relevant  private  sector  discount  rate. 

In  summary,  the  relevance  of  nsk-spreading  is  confined  to  the  rather  unlikely 
situation  in  which  rates  of  return  on  all  projects  are  independent  and  both  costs 
and  benefits  are  distributed  over  a  large  number  of  individuals.  Even  then  advo¬ 
cates  of  state  risk-spreading  must  explain  why  the  risk-spreading  which  is  tech¬ 
nically  possible  can  be  achieved  more  efficiently  by  the  state  than  in  the  market. 
The  preceding  analysis  leads  one  to  view  with  skepticism  such  statements  as 

Both  federal  and  provincial  governments  should  explore  the  possibility  of 
creating  new  mechanisms  for  supplying  capital  to  new  and  small  companies  ...  In 
the  last  resort  it  may  even  be  necessary  to  insure  the  loans  made  by  private 
venture  capital  firms  ... 

Start-up  funds  are  in  seriously  short  supply  in  Canada.  This  applies  to  all 
start-ups,  but  especially  for  new,  technology-based  ventures. 

10  Science  Council  of  Canada,  Report  No.  15  (1971,  31). 

11  Grasley  (1968,  27). 
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Entrepreneurs  are  a  true  natural  resource  ...  who  will  have  an  inordinate  in¬ 
fluence  on  the  formation  of  new  enterprises  and  hence  the  economy,  pro¬ 
vided  they  are  given  financial  support  and  the  proper  environment  in  which 
to  flourish.  (32) 

...  The  main  problem  is  the  shortage  of  capital  and  of  good  management 
advice.  The  Committee  thinks  two  new  programs  should  be  initiated  by  the 
government  to  plug  these  gaps. 

The  first  is  a  special  loan  scheme  with  lower  interest  rates  ...  It  should  be 
designed  for  small  and  medium-sized  firms  that  find  it  difficult  or  impossible  to 
find  venture  or  working  capital  on  reasonable  terms.  The  program  should  also 
include  guaranteed  loans. 

The  second  is  a  special  equity  capital  fund  for  the  same  general  purpose, 
chiefly  for  new  technology-based  enterprises  ...  The  Committee  has  found  that 
the  private  financial  sector  is  particularly  weak  in  Canada  and  that  a  public  fund 
might  not  only  fill  a  gap  but  help  existing  companies  to  become  more  dynamic 
and  progressive.^^ 

Advocates  of  public  support  of  new  technical  enterprises  must  demonstrate 
that  the  market  has  failed  to  allocate  sufficient  resources  to  such  ventures.  They 
seldom  do  so.  Neither  the  fact  that  many  risky  ventures  are  unable  to  obtain 
finance  at  conventional  rates  of  interest  nor  the  claim  that  relatively  more  risky 
ventures  are  undertaken  in  other  countries  is  indicative  of  market  failure.  Nor  is 
the  often  cited  ‘unwillingness  of  Canadians  to  bear  risk’  indicative  in  itself  of  a 
failure  of  the  market.  The  payment  required  to  induce  individuals  to  bear  risk  is 
a  cost  which  must  be  taken  into  account  in  assessing  any  venture.  This  is  true 
whether  the  investment  decision  is  made  by  the  state  or  in  the  market. In 
terms  of  its  consequences,  ignoring  the  cost  of  risk  bearing  is  the  same  as  ignor¬ 
ing  any  other  cost.  It  leads  to  an  allocation  of  resources  which  reduces  real 
income. 

Grasley  (1975)  has  argued  that  the  tax  system  contains  provisions  which  bias 
the  market  allocation  of  resources  away  from  R&D  (11-12).  The  taxation  of 
income  does  have  the  general  effect  of  reducing  both  investment  and  the  supply 
of  factor  services.  None  of  the  provisions  of  the  tax  system  mentioned  by 


12  Senate  Committee  on  Science  Policy  (1973,  577-8). 

13  That  the  state  cannot  disregard  the  cost  of  non-diversifiable  risk  in  its  investments 
decisions  is  the  principal  conclusion  of  the  analysis  presented  above. 
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Grasley  has  the  effect  of  biasing  the  allocation  of  resources  away  from  R&D  in 
particular.  Indeed,  if  as  Hirshleifer  (1971)  has  theorized,  a  large  portion  of  the 
return  to  inventive  effort  comes  in  the  form  of  capital  gains,  the  relatively 
favourable  tax  treatment  accorded  capital  gains,  together  with  the  incentives 
listed  in  Section  3.1,  biases  the  market  allocation  of  resources  towards  R&D. 

It  has  also  been  argued  that  Canada’s  centralized  and  cartelized  banking 
system  has  biased  the  market  allocation  of  resources  away  from  risky  ventures  in 
general  and  R&D  in  particular.  One  expects  that  a  banking  cartel  will  indeed  have 
a  greater  spread  between  deposit  and  loan  rates  on  loans  of  all  risk  classes  than 
would  a  competitive  banking  system.  Some  theorists  argue  that,  in  addition,  a 
banking  cartel  would  maintain  a  less  risky  asset  portfolio.  Against  this,  there  is 
the  argument  that  the  best  way  for  a  cartel  member  to  cheat  on  an  interest  rate 
agreement  is  to  grant  a  riskier  loan  at  the  same  interest  rate.  The  issue  is  clearly 
unresolved  and  merits  additional  investigation.  It  is  issues  such  as  this  that  those 
who  argue  for  government  support  of  R&D  (or  any  other  activity)  on  the 
grounds  of  imperfect  capital  markets  should  be  investigating.^"^ 

r.4  OTHER  REASONS  FOR  STATE  INTERVENTION 

Participants  in  the  debate  on  science  policy  have  suggested  a  number  of  reasons 
other  than  those  adduced  in  the  previous  section,  for  the  state  to  involve  itself  in 
scientific  research  and  development.  These  reasons  can  be  classified  and  are 
discussed  under  the  following  headings:  (1)  growth  and  the  impending  scarcity 
of  natural  resources,  (2)  employment  opportunities  for  scientists  and  engineers, 
and  (3)  foreign  ownership  and  the  truncation  of  Canadian  firms. 

1.4.1  Growth  and  the  impending  scarcity  of  natural  resources 

In  its  report  the  Senate  Committee  on  Science  policy  concluded  that  techno¬ 
logical  innovation  is  the  ‘mainspring’  of  economic  growth  and  that  to  undertake 
such  innovation  Canada  requires  ‘an  adequate  level  of  effectively  managed  R&D 
activity  ...  That  is,  R&D  should  be  encouraged  because  it  causes  economic 
growth.  The  Committee  goes  on  to  cite  supportive  empirical  evidence  on  the 
relationship  between  R&D  and  economic  growth. 

14  A  perceptive  discussion  of  imperfections  in  the  capital  market  and,  in  particular,  the 
practice  of  labelling  the  costs  of  operating  a  market  as  ‘imperfections’.  See  G.J.  Stigler 
(1968,  113-22). 

15  Senate  Committee  on  Science  Policy  (1973,  489). 
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This  line  of  argument  does  not  provide  any  additional  reason  for  state  in¬ 
volvement  in  R&D.  The  allocation  of  additional  resources  to  scientific  research 
and  development  or  to  any  other  investment  activity  (education,  road  building, 
etc.)  contributes  to  economic  growth  if  that  investment  yields  a  positive  social 
rate  of  return.  Maximization  of  the  rate  of  growth  consistent  with  a  given  level 
of  saving  requires  that  society  choose  the  set  of  investments  (which  may  or  may 
not  include  investments  in  R&D)  with  the  highest  social  rates  of  return. 
Normally,  it  will  be  in  the  interest  of  individuals  and  firms  to  choose  such  a  set. 
If  the  returns  to  some  investments  are  not  fully  appropriable,  the  allocation  by 
the  market  of  savings  among  alternative  investments  will  not  be  that  which 
results  in  the  maximum  attainable  rate  of  growth.  In  this  case,  the  government 
may  intervene  to  correct  the  inappropriability  problem.  This  case  was  discussed 
in  detail  in  Section  1.2. 

To  summarize,  all  successful  investments  cause  growth.  The  empirical  link 
between  R&D  and  economic  growth  (which  has  yet  to  be  established  in  this 
country)  does  not  in  itself  justify  state  intervention  to  support  R&D.  It  must  also 
be  established  that,  at  the  margin,  the  social  rate  of  return  to  R&D  exceeds  that 
yielded  by  alternative  investments.  This  the  Senators  have  not  done.^^ 

The  Senate  Committee  pursues  the  ‘growth’  issue  further,  arguing  that 
Canada  has  achieved  growth  in  the  past  through  the  exploitation  and  export  of 
natural  resources.  Since  these  resources  will  eventually  be  exhausted,  this 
strategy  cannot  be  continued.  The  appropriate  new  strategy,  it  is  argued,  is  to 
rely  more  on  technology  and  less  on  resource  exploitation  for  future  growth. 
The  implicit  policy  recommendation  is  that  the  state  undertake,  first,  to  reduce 
the  rate  of  exploitation  of  natural  resources  and,  second,  to  increase  the  value  of 
resources  allocated  to  R&D. 

To  comment  properly  on  this  recommendation,  it  is  necessary  to  understand 
the  nature  of  the  decision  to  conserve  non-renewable  natural  resources.  The 
latter  are,  along  with  machines,  roads,  and  knowledge,  part  of  society’s  stock  of 
capital.  This  stock,  combined  with  labour  services,  yields  a  flow  of  goods  and 
services  over  time.  Given  an  initial  endowment  of  natural  resources,  society 
chooses  the  time  distribution  of  goods  and  services  to  be  derived  from  it.  The 
growth  process  entails  the  curtailment  of  the  present  consumption  of  goods  and 
services  so  that  consumption  in  some  future  period  can  be  increased.  Growth 
requires  investment  which  is,  in  effect,  an  exchange  of  present  for  future  con¬ 
sumption.  One  method  of  exchanging  present  for  future  consumption  is  to 

16  For  a  study  that  demonstrates  the  excess  of  the  marginal  rate  of  return  to  R&D  over 
other  types  of  capital  employed  in  U.S.  agriculture  and  thus  provides  a  rationale  for 
additional  R&D  spending,  see  Zvi  Griliches  (1964). 
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forego  the  use  of  natural  resources  now  in  order  that  their  products  may  be 
consumed  at  a  future  date.  Conservation  is,  therefore,  an  investment  that  yields 
a  return  in  terms  of  increased  consumption  at  some  future  date.  Alternatively, 
natural  resources  may  be  used  to  produce  other  forms  of  capital  which  will  in 
turn,  result  in  increased  consumption  at  some  future  date.  This  is  also  an 
investment. 

Conservation,  R&D,  the  construction  of  roads  or  machinery,  and  education 
are  thus  alternative  types  of  investment.  There  is  no  inherent  reason  to  prefer 
one  of  these  investment  alternatives  over  the  others.  Individuals  and  firms  will 
presumably  choose  among  them  on  the  basis  of  their  respective  rates  of  return. 
State  intervention  can  be  justified  only  on  the  grounds  that  the  choices  of 
individuals  and  firms  are  not  optimal  from  a  social  point  of  view.  The  specific 
type  of  intervention  recommended  by  the  Senate  Committee  is  justifiable  only 
if,  at  the  margin,  the  social  return  to  both  R&D  and  conservation  is  greater  than 
that  yielded  by  alternative  investments.  The  reasons  for  believing  that  this  is  true 
of  R&D  were  outlined  in  Section  1.2.  Some  have  argued  that  it  is  also  true  of 
conservation,  although  on  the  theoretical  level  the  issue  is  unresolved. 

In  summary,  Canadians  may  have  under-  or  over-invested  in  conservation.  If 
so,  intervention  in  natural  resources  markets  may  be  justified.  Similarly,  inter¬ 
vention  to  encourage  R&D  or  some  other  type  of  investment  may  be  justified. 
These  decisions  can  be  made  independently.  Canadians  should  be  aware  that 
conservation  and  research  are  not,  as  the  Senators  seem  to  argue,  complimentary 
components  of  a  new  growth  strategy.  They  are  substitutes.  An  increase  in  the 
amounts  of  both  R&D  and  conservation  undertaken  necessitates  a  reduction  in 
either  other  types  of  capital  formation  or  consumption  or  both. 

1 .4.2  Employment  opportunities  for  scientists  and  engineers 

It  has  been  argued  that  public  support  of  R&D  is  warranted  because  it  will  help 
to  provide  job  opportunities  for  science  and  engineering  graduates.  The  Science 
Council  (1971)  has  argued  that 

The  general  lack  of  new  employment  opportunities  in  manufacturing  has 
serious  implications  for  scientists  and  engineers,  particularly  since  we  have  in¬ 
creased  our  output  of  these  graduates  three-fold  in  the  last  few  years  ... 

17  For  a  theoretical  examination  of  this  issue,  see  William  D.  Nordhaus,  ‘Markets  and 
appropriable  resources,’  in  Michael  S.  Macrakis,  ed.  (1974).  The  practical  question  of 
the  extent  to  which  the  tax  system  and  price  controls  distort  investment  decisions 
against  conservation  and  in  favour  of  physical  capital  formation  in  itself  worthy  of 
detailed  study. 
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It  should  not  be  concluded  that  all  those  who  have  chosen  training  in  science 
and  technology  should  be  entitled  to  employment  in  the  field  of  their  choice. 
The  well-being  of  the  nation  requires  that  an  effective  use  be  made  of  highly 
trained  people  in  all  categories.  However,  public  credibility  will  inevitably  be 
strained  if  funds  continue  to  be  used  to  support  and  promote  scientific  educa¬ 
tion  unless  an  effective  use  can  be  made  of  these  graduates.  (19) 

The  Select  Committee  on  Economic  and  Cultural  Nationalism  (1975)  expressed 
similar  sentiments: 

If  young  Canadian  scientists  and  engineers  desire  careers  in  mainstream  re¬ 
search  and  development  in  the  automobile  industry,  it  would  be  futile  to  try  to 
do  so  in  Canada  ...  This  means  that  potentially  exciting  career  paths  are  severely 
limited  or,  in  many  individual  cases,  cut  off  entirely.  It  means  that  this  avenue  is 
largely  unavailable  to  capitalize  on  and  recoup  the  substantial  public  and  private 
investment  in  advanced  technical  education  and  supporting  facilities,  though,  as 
noted,  the  benefits  of  education  may  be  as  substantially  secured  in  the  applica¬ 
tion  of  imported  technologies  as  in  developing  new  ones.  (54) 

It  is  difficult  to  find  good  arguments  in  favour  of  policies  designed  to  provide 
jobs  offering  ‘exciting  career  paths’  or  simply  validating  the  educational  deci¬ 
sions  of  a  select  group  of  people.  The  maximization  of  the  return  to  the 
resources  invested  in  their  education  requires  that  scientists  and  engineers  work 
where  they  are  valued  most  highly  by  society.  This  may  or  may  not  be  in  R&D. 
If,  by  creating  additional  jobs  in  R&D,  the  government  bids  scientists  and  engi¬ 
neers  away  from  occupations  in  which  their  services  are  valued  more  highly, 
aggregate  real  income  is  reduced  as  are  the  returns  to  a  scientific  education.  The 
Economic  Council  of  Canada  (1968)  reached  a  similar  conclusion. 

At  least  to  some  extent,  alternative  employment  opportunities  can  be  devel¬ 
oped  for  such  people  —  for  example  in  basic  research,  applied  research  and 
development,  production,  engineering,  management  or  teaching.  Thus  the  social 
cost  of  using  a  scientist  in,  say,  R&D  activity  is  the  ‘loss’  of  what  he  would  have 
produced  in  some  alternative  employment.  This  ‘loss’  may  be  greater  under 
certain  conditions  —  for  example  where  there  is  a  great  shortage  of  teachers  — 
than  the  gain  from  his  employment  in  R&D.  (47) 

Under  these  circumstances  Canadians  must  balance  the  psychic  income,  if  any, 
they  derive  from  having  more  of  their  countrymen  doing  R&D  against  the  real 
income  (command  over  goods  and  services)  lost  as  a  result. 
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If,  because  of  the  inappropriability  of  the  returns  to  scientific  research,  the 
income  of  a  scientist  is  less  than  his  value  to  society,  the  income  and  employ¬ 
ment  opportunities  observed  in  the  market  will  not  lead  a  science  or  engineering 
graduate  to  the  area  of  endeavour  which  is  of  the  liighest  value  to  society. 
Intervention  to  equate  the  social  and  private  returns  to  R&D  will  correct  this 
problem.  This  type  of  intervention  was  discussed  in  detail  in  Section  1.2. 

It  may  also  be  the  case  that  a  given  group  of  scientists  or  engineers  have 
virtually  no  employment  alternatives.  That  is,  their  employment  on  an  R&D 
project  does  not  bid  them  away  from  other  jobs  and  is  therefore  ‘costless’  to 
society.  R&D  projects  could  then  be  subsidized  to  the  extent  of  the  wages  of 
scientists  and  engineers  employed.  Aggregate  real  income  would  be  increased  by 
such  a  policy. 

A  situation  such  as  the  above  is  unlikely  to  occur  in  practice.  Moreover,  it  is  a 
distinctly  short-run  situation.  The  employment  of  a  group  of  scientists  and 
engineers  who  have  already  been  trained  and  for  whose  training  society  has,  in 
the  extreme  case  presented  here,  no  use  other  than  R&D,  is  being  subsidized. 
Those  either  in  or  about  to  enter  training  will  have  alternative  employment 
opportunities.  It  is  clearly  in  society’s  interest  that  they  alter  their  training 
program  in  order  to  pursue  them.  Creating  jobs  in  R&D  is  not  the  way  to  send 
them  the  signals  to  do  so.  Thus  subsidization  of  the  employment  of  scientists 
and  engineers  must  be  a  very  temporary  measure  and  must  be  seen  to  be  so. 

A  slightly  different  set  of  issues  involved  in  the  alternative  to  R&D  employ¬ 
ment  is  emigration.  The  effect  of  the  emigration  of  scientists  and  engineers  on 
the  income  of  those  left  behind  has  been  analysed  by  Grubel  and  Scott  (1966), 
who  wrote 

According  to  the  traditional  analysis  of  the  migration  of  labour,  the  departure 
of  a  person  normally  raises  the  long-run  average  income  of  those  people  remain¬ 
ing  because  it  results  in  an  increase  in  the  nation’s  capital-labour  ratio.  In  the 
case  of  the  migration  of  a  highly  skilled  person,  however,  this  conclusion  does 
not  hold  if  the  human  capital  embodied  in  the  emigrant  is  greater  than  the 
country’s  total  per  capita  endowment  of  human  and  physical  capital,  assuming 
perfect  substitutability  of  the  two  forms  of  capital  in  the  long-run.  In  this  case, 
the  emigration  of  a  highly  skilled  person  reduces  the  total  income  to  be  dis¬ 
tributed  among  the  residents  of  a  country  and  it  follows  that  in  societies  where 
this  distribution  occurs  through  planning  or  other  non-market  means  the 
remaining  population  suffers  a  reduction  in  welfare. 

In  a  market  economy  where  persons  are  paid  their  marginal  product, 
however,  such  a  reduction  in  per  capita  income  is  only  a  statistical  phenomenon 
which  has  no  influence  on  the  welfare  of  the  remaining  people;  the  emigrant 
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removes  both  his  contribution  to  national  output  and  the  income  that  gives  him 
a  claim  to  this  share  so  that  all  other  incomes  remain  unchanged  ... 

Thus  it  follows  that  in  a  market  economy  any  effects  that  the  emigration  of  a 
highly  skilled  person  is  likely  to  have  on  the  welfare  in  short-run  adjustment 
costs  or  in  market  failure.  (270) 

The  emigration  of  a  scientist  results  in  the  loss  to  Canada  of  the  value  of  his 
output  less  his  claim  on  the  goods  and  services  produced  by  other  Canadians.  If 
one  allows  for  the  existence  of  income  taxes,  this  amounts  to  the  income  tax 
payments  of  the  scientists  less  the  value  of  any  government  services  (not  public 
goods)  he  consumes.  The  loss  to  Canada  through  emigration  then,  is  zero  or  a 
positive  value,  the  size  of  which  depends  on  the  extent  to  which  the  value  of  the 
emigrant’s  services  exceeds  his  claims  on  the  Canadian  economy. 

Are  there  any  circumstances  under  which  R&D  should  be  subsidized  simply  to 
keep  scientists  in  Canada?  Consider  a  project  for  which  the  only  resource  input 
is  the  effort  of  scientists.  The  scientists  produce  new  information  for  which 
Canadians  are  willing  to  pay,  in  present  value  terms,  one  million  dollars.  If  they 
are  not  engaged  in  tliis  project  they  will  emigrate.  If  the  present  value  of  the 
scientists’  wages  is  one  million  or  less,  the  project  is  clearly  desirable  and  will 
normally  be  undertaken.  No  intervention  of  the  type  being  discussed  here  is 
necessary.  If,  for  some  reason,  the  wage  bill  exceeds  one  million  (say  $1.2 
million),  the  project  would  not  normally  be  undertaken  and  the  scientists  would 
leave.  Is  it  in  the  interest  of  the  remaining  Canadians  to  subsidize  the  project  and 
prevent  the  emigration?  It  is  not.  If  the  project  is  undertaken,  Canadians  will 
transfer  claims  on  goods  and  services  valued  at  $1.2  million  (less  scientists’  taxes 
less  government  services  consumed)  to  scientists  in  return  for  information  they 
value  at  one  million  dollars.  Canadians  are  clearly  better  off  to  allow  the 
scientists  to  emigrate. 

The  emigrating  scientist  may  have  been  educated  at  public  expense  with  the 
implicit  provision  that  the  public  be  repaid  by  subsequent  taxation  of  his 
income.  With  emigration  there  is  no  repayment.  This  does  not  imply,  however, 
that  R&D  projects  should  be  subsidized  to  keep  science  graduates  in  Canada  so 
they  can  ‘pay’  for  their  education.  The  educational  decision  has  been  made  and 
the  costs  incurred  are  sunk.  As  shown  above,  the  R&D  subsidy  only  imposes 
further  costs  on  the  balance  of  the  population.  In  an  attempt  to  salvage  one 
erroneous  decision,  Canadians  would  be  reducing  their  real  incomes  even  further. 
If  the  costs  of  a  scientific  education  are  to  be  recovered  from  its  recipient,  this 
can  be  done  effectively  by  imposing  explicit  repayment  provisions  on  him,  bind¬ 
ing  regardless  of  his  ultimate  nation  of  residence. 


The  rationale  for  state  intervention  29 


1.4.3  Foreign  ownership  and  truncation 

Many  of  those  who  argue  that  Canada  should  allocate  additional  resources  to 
R&D  would  agree  with  the  evaluation  of  the  growth,  conservation,  and  employ¬ 
ment  opportunities  arguments  presented  above.  They  would  agree  that  resources 
should  be  devoted  to  the  uses  in  which  they  earn  the  highest  social  rate  of  return 
and  that  the  state  has  a  role  in  equating  social  and  private  rates  of  return  so  that 
the  allocation  decisions  which  are  in  the  interest  of  individuals  and  firms  are  also 
in  the  interest  of  society.  They  would  go  further,  however,  and  argue  that  there 
are  circumstances  under  which  the  predicted  response  to  market  signals  (as 
modified  by  state  action)  will  not  occur.  Quite  simply  there  are  profitable 
opportunities  which  will  not  be  exploited.  Activities,  such  as  R&D,  which  would 
qualify  as  an  efficient  use  of  Canadian  resources  are  not  undertaken.  It  has  been 
claimed  that  foreign  owned  firms  centralize  R&D  facilities  in  their  home  country 
and  import  technology  that  could  be  produced  as  efficiently  in  Canada.  Foreign 
owned  firms,  it  is  claimed,  ignore  or  do  not  correctly  assess  relative  costs  and,  as 
a  result  locate  R&D  facilities  in  the  ‘wrong’  country. 

This  is  the  conclusion  reached  by  the  Ontario  Legislature’s  Select  Committee 
on  Economic  Nationalism  (1975).  After  hearing  testimony  from  foreign  owned 
firms  that  R&D  must  be  centralized  to  enhance  ‘co-ordination  and  cross¬ 
stimulation  among  research  and  design  personnel’  and  that  it  must  be  centralized 
in  the  home  country  so  that  marketing  and  production  management  may  be 
kept  ‘in  close  touch  with  technological  developments,  and  ...  have  ready  access 
to  the  R&D  personnel  and  facilities  for  technical  advice  ...  ’  the  Committee  con¬ 
cluded  that  it  was  ‘  ...  not  satisfied  that  these  considerations  provide  systematic 
justification  for  the  general  failure  of  foreign  owned  enterprises  to  locate  signifi¬ 
cant  R&D  facilities  in  Canada  ...  ’  (52) 

As  a  remedy  the  Committee  recommended  that  the  Canadian  operations  of 
foreign  firms  be  ‘reviewed’  periodically  with  a  view  to  securing  undertakings 
from  such  firms  to  do  more  R&D  or  different  kinds  of  R&D.  (90-97) 

In  evaluating  the  Committee’s  analysis  one  must  first  examine  its  empirical 
foundations.  Is  it  the  case  that,  under  similar  circumstances,  foreign  owned  firms 
spend  less  on  R&D  in  Canada  than  do  Canadian  owned  firms?  If  it  is  not,  the 
Select  Committee’s  conclusion  that  foreign  owned  firms  are  ignoring  market 
signals  and  conducting  R&D  abroad  merely  because  they  are  foreign  owned  is 
unwarranted.  Foreign  ownership  per  se  is  not  responsible  for  the  ‘underdevelop¬ 
ment’  of  Canadian  industrial  R&D  capacity  and  there  would  appear  to  be  little 
scope  for  bargaining  with  foreign  owned  firms  over  their  R&D  expenditures.  If, 
however,  foreign  owned  firms  spend  less  on  R&D  in  Canada  than  do  domestically 
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owned  firms  facing  similar  circumstances,  one  can  infer  either  that  there  are 
economies  to  be  gained  in  locating  R&D  facilities  near  headquarters  (as  was 
claimed  in  testimony  before  the  Select  Committee)  or  that  one  set  of  firms  is 
ignoring  relative  costs  when  deciding  upon  the  location  of  R&D  facilities.  The 
latter  outcome  is  unlikely,  but  it  does  leave  some  scope  for  the  type  of  bargain¬ 
ing  advocated  by  the  Select  Committee. 

The  existing  evidence,  the  most  complete  and  competently  assembled  of 
which  was  reported  by  Safarian  (1966,  1969),  does  not  support  the  Committee’s 
conclusion.  Safarian  compared  the  R&D  expenditures  of  160  foreign  and  96 
domestically  owned  firms  for  the  year  1959.  He  found  no  difference  between 
them  in  R&D  expenditures  expressed  as  a  proportion  of  sales. 

Our  empirical  examination  is  based  on  a  sample  of  256  observations  taken 
over  the  period  1967-71  on  80  firms,  57  of  which  are  foreign  owned.  Following 
the  practice  of  Statistics  Canada  (annual),  we  define  a  firm  to  be  foreign  owned 
if  fifty-one  per  cent  of  its  equity  is  held  by  foreign  nationals.  For  the  most  part 
we  define  annual  R&D  expenditures  as  the  total  R&D  expenditures  reported  by 
the  firm  less  any  R&D  done  under  contract,  less  R&D  incentive  subsidies,  less 
payments  for  R&D  conducted  extramurally.  This  is  the  amount  of  R&D  con¬ 
ducted  in  Canada  and  financed  by  the  firm  itself. 

We  also  investigate  the  effect  of  foreign  ownership  on  expenditures  by  the 
sample  firms  for  R&D  which  is  conducted  extramurally.  Expenditures  on  extra¬ 
mural  R&D  are  further  subdivided  into  that  which  is  conducted  domestically  and 
that  which  is  conducted  abroad.  A  finding  that  foreign  owned  firms  spend  less 
on  domestically  produced  knowledge  and/or  more  on  knowledge  produced 

18  Safarian  (1969,  52)  reports  ...  ‘If  one  confines  one’s  attention  only  to  manufacturing 
firms,  the  safest  conclusion  would  appear  to  be  that  there  is  no  statistical  significance 
between  the  research  efforts  of  the  two  sets  of  firms.’ 

19  In  the  case  of  population  regression  model  (1)  in  the  text,  it  can  easily  be  shown  that 

"l  "  “  ^D 

and 

+  2  (R.^-R)^  (l//7p  +  1//Zj^), 

where  =  sample  mean  R&D  expenditures  of  foreign  owned  firms, 
r 

R^  =  sample  mean  R&D  expenditures  of  domestically  owned  firms, 

ttp  =  number  of  foreign  owned  firms  in  the  sample, 

Hpj  =  number  of  domestically  owned  firms  in  the  sample. 

In  this  case  a  test  of  the  null  hypothesis  that  77^  =  0  is  equivalent  to  a  test  of  the  null 
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abroad  than  do  domestically  owned  firms  would  also  be  supportive  of  the  Select 
Committee’s  conclusions. 

We  begin  our  empirical  examination  with  a  test  of  the  null  hypothesis  that 
the  average  of  the  R&D  expenditures  of  foreign  owned  firms  does  not  differ  from 
that  of  domestically  owned  firms.  We  employ  regression  analysis  with  dummy 
variables  with  this  and  all  other  tests^^.  The  model  is  written  as 

Rlt  =  aQ+  a^Di  +  ejt  (1) 

where  Rj^  =  R&D  expenditures  (as  defined  in  the  text)  of  the  /th  firm  during  year 
t. 

Dj  =  1  if  the  zth  firm  is  foreign  owned, 

=  0  otherwise, 

=  a  random  disturbance. 

An  estimate  of  (1)  appears  as  equation  (1)  in  Table  1.  At  the  99  per  cent 
confidence  level,  we  can  reject  the  null  hypothesis  in  favour  of  the  alternative 
hypothesis  that  the  average  R&D  expenditures  in  Canada  of  foreign  owned  firms 
is  less  than  that  of  domestically  owned  firms. 

This  test  is  obviously  naive.  It  does  not  standardize  for  differences  among 
firms  other  than  those  which  are  due  to  ownership.  Foreign  owned  firms  may  be 
concentrated  in  industries  in  which  the  returns  to  R&D  are  relatively  low.  In  this 
case  the  above  test  attributes  to  ownership  an  effect  which  is  due  to  the  industry 
in  which  the  firm  operates. 

Foreign  ownership  may  be  concentrated  in  a  particular  size  class  of  firms.  If 
firms  in  that  size  class  spend  less  on  R&D  than  do  firms  of  other  sizes,  the  above 
test  will  ascribe  to  ownership  an  effect  due  to  firm  size. 

These  defects  can  be  remedied  by  testing  the  null  hypothesis  that,  given  the 
sales  revenue  of  each  firm  and  the  industry  in  which  it  operates,  the  average  of 


hypothesis  that  Ry  and  come  from  populations  with  identical  means.  The  test 
statistic  calculated  from  the  above  information  is  correct,  provided  the  variances  of  the 
two  populations  can  be  assumed  equal.  This  assumption  is  equivalent  to  the  assumption 
of  homoskedastic  residuals  in  regression  analysis.  Where  an  F-test  indicates  that  the 
variances  of  the  underlying  populations  are  unequal,  that  is,  that  the  residuals  are 
heteroskedastic,  models  (1)  and  (2)  must  be  transformed.  The  assumptions  made  here 
regarding  the  nature  of  the  heteroskedasticity  are  described  in  detail  in  Kmenta  ( 1971, 
261-4).  The  appropriate  transformation  follows  from  these  assumptions. 
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TABLE  1 


Definition  of  dependent 

Independent  Variable 

variable 

D2i 

Sit 

df 

1  R&D  expenditures  within 
the  firm,  less  contracts 
and  subsidies 

-2,132.7 

(3.19) 

253 

2  Same  as  (1) 

-101.9 

(3.01) 

.022 

(13.17) 

234 

3.  Expenditures  for 

R&D  done  extramurally 
within  Canada 

-  25.22 
(3.04) 

.0005 

(12.22) 

199 

4  Expenditures  for 

R&D  done  extramurally 
abroad 

48.3 

(1.37) 

.0002 

(3.26) 

130 

NOTE:  r-ratios  in  brackets  below  coefficients.  Industry  intercepts  are  not  reported. 


the  R&D  expenditures  of  foreign  owned  firms  does  not  differ  from  that  of 
domestically  owned  firms.  The  appropriate  model  is  then  written 


K 

R,t  =  .  2 
J  =  o 

where  Dl^y  = 
D2i  = 

Sit  = 


bjDljj  +  bf^+iD2i  +  bj^  +  2Sit  +  "/f> 

if  the  /th  firm  is  operating  in  the  /th  three-digit  industry, 
0  otherwise, 

if  the  /th  firm  is  foreign  owned, 

0  otherwise. 

Sales  revenue  of  the  /th  firm  during  period  t, 
random  disturbance. 


(2) 


The  estimate  of  (2)  appears  as  equation  (2)  in  Table  1  (industry  intercepts  are 
not  reported).  At  the  99  per  cent  confidence  level  the  null  hypothesis  can  be 
rejected  in  favour  of  the  alternative  hypothesis  that,  given  size  and  industry 
differences,  the  average  R&D  expenditures  of  foreign  owned  firms  are  less  than 
those  of  domestically  owned  firms. 

This  test,  while  it  represents  a  distinct  improvement  over  our  initial  one,  is 
inadequate  in  several  respects.  First,  our  standardization  for  the  effect  of  firm 
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size  on  R&D  expenditures  is  correct  only  if  the  R&D-firm  size  relationship  is 
linear. If  it  is  non-linear,  we  may  be  ascribing  to  ownership  an  effect  that  is  due 
to  tliis  non-linearity.  Second,  a  number  of  studies  have  found  that,  given  firm 
size,  R&D  expenditures  increase  with  current  or  past  profits  or  with  internal  cash 
flow.^^  If  foreign  owned  firms  of  a  given  size  are  less  profitable  or  have  smaller 
internal  cash  flows,  we  could  again  be  attributing  to  ownership  an  effect  that  is 
due  to  these  factors.  Third,  equation  (2)  tests  the  hypothesis  that  on  average 
R&D  expenditures  of  foreign  and  domestically  owned  firms  differ.  The  effect  of 
foreign  ownership  on  R&D  expenditures  may  itself  differ  from  industry  to  in¬ 
dustry.  The  same  will  be  true  of  sales  revenue. 

The  foregoing  implies  that  the  effect  of  ownership  on  R&D  expenditures  can 
be  investigated  properly  only  within  the  context  of  a  fully  specified  model  of 
the  determinants  of  R&D  expenditures.  Moreover,  this  model  must  allow  for 
differences  among  industries  and  between  ownership  classes  in  the  effect  of  each 
independent  variable  on  these  expenditures.  A  model  that  suits  this  purpose  has 
been  estimated  by  Howe  and  McFetridge.^^  It  can  be  written  as 
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R&D  expenditures  (as  defined  above)  of  the  zth  firm  during  year  r, 
sales  of  the  zth  firm  during  year  t, 

profits  (after  taxes  but  before  the  deduction  of  R&D  expen¬ 
ditures)  of  the  zth  firm  during  year  t, 

depreciation  charges  of  the  zth  firm  during  year  t, 

government  R&D  incentive  grants  received  by  the  zth  firm  during 
year  t, 

a  random  disturbance. 


This  model  was  estimated  for  each  of  the  electrical,  chemical,  and  machinery 
(two  digit)  industries  using  the  sample  described  above.  The  cy  were  allowed  to 
vary  between  ownership  classes  and  over  time.  Application  of  the  usual  analysis 
of  covariance  technique  described  in  Johnston  (1972)  revealed  that  the  cy  dif¬ 
fered  substantially  between  ownership  classes  and  very  little  over  time.  Thus,  the 


20  This  assumption  is  implicit  in  the  test  conducted  by  Safarian  (1969,  52). 

21  See,  for  example,  Grabowski  (1968). 

22  For  a  discussion  of  model  (3)  and  details  of  its  estimation,  see  Howe  and  McFetridge 
(1976)  and  Section  3.3  of  this  study. 
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final  estimates  of  the  Cj  reported  by  Howe  and  McFetridge  and  in  Table  6  of  this 
study  differ  between  foreign  and  domestically  owned  firms  for  most  (but  not 
all)  values  of  cy. 

If  we  set  each  of  the  independent  variables  equal  to  a  given  value,  the  sample 
mean,  for  example,  the  cy,  can  be  used  to  provide  both  point  and  interval 
estimates  of  the  R&D  expenditures  of  both  foreign  and  domestically  owned  firms 
in  each  industry.  We  then  compare  the  predicted  R&D  expenditures  of  each 
group  of  firms. 

This  test  is  superior  to  tests  based  on  models  (2)  and  (3)  in  several  respects.  It 
allows  for  a  non-linear  R&D-sales  relationship.  It  holds  constant  interfirm  differ¬ 
ences  in  profits,  depreciation  charges,  and  R&D  incentive  grants.  It  allows  all 
coefficients,  rather  than  merely  the  intercept,  to  differ  between  foreign  owned 
firms  and  domestically  owned  firms.  It  allows  all  coefficients  to  differ  across 
(two  digit)  industries  rather  than  allowing  the  intercept  alone  to  differ  across 
(three  digit)  industries.  Although  it  proves  unnecessary,  this  approach  also  allows 
all  coefficients  to  differ  from  year  to  year. 

If  each  independent  variable  in  model  (3)  is  set  equal  to  its  sample  mean  and 
substituted  into  the  estimates  of  (3)  reported  in  Table  6,  we  obtain  a  predicted 
level  of  R&D  expenditures  for  both  domestically  owned  and  foreign  owned 
firms.  This  value  can  be  written  as 

X  =  E(R/S,  S^,  S^,  P.A,  G), 

the  expectation  of  R  given  that  each  of  the  independent  variables  is  set  equal  to 
its  mean.  A  confidence  interval  of  x  can  be  obtained  in  the  manner  described  by 
Kmenta  (1971, 363-4).^^ 

In  the  case  of  the  electrical  industry  we  find  Pr  (5,974  <x  <  6,906)  =  .95  for 
domestically  owned  firms,  while  Pr  (1,018  <x  <  1,550)  =  .95  for  foreign  owned 
firms.  The  confidence  intervals  do  not  overlap.  When  foreign  and  domestically 
owned  firms  face  identical  environmental  circumstances,  the  latter  spend  more 
on  R&D. 

Turning  to  the  chemical  industry,  one  finds  that  Pr  (1,094  <x  <  1,390)  =  .95 
for  domestically  owned  firms  while  Pr  (474  <x  <  646)  =  .95  for  foreign  owned 
firms.  Again,  given  similar  environments,  the  Canadian  R&D  expenditures  of 
domestically  owned  firms  exceed  those  of  foreign  owned  firms. 

Finally,  in  the  case  of  the  machinery  industry,  one  finds  Pr  (356  <  x 
<  676)  =  .95  for  domestically  owned  firms,  while  Pr  (561  <x  <  833)  =  .95 


23  Since  all  independent  variables  are  set  equal  to  their  respective  means,  the  estimated 
standard  error  of  EiR-^)  reduces  to  S/\Jn,  where  S  is  the  standard  error  of  estimate. 
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for  foreign  owned  firms.  All  else  being  equal,  there  is  no  difference  in  the  Cana¬ 
dian  R&D  expenditures  of  foreign  and  domestically  owned  firms. 

These  results  confirm,  in  part,  the  results  of  the  initial,  simpler  tests.  The 
latter  implied  that,  taken  together,  foreign  owned  firms  spend  less  in  Canada  on 
R&D  than  do  domestically  owned  firms.  The  more  sophisticated  tests  reveal  that 
this  conclusion  is  valid  for  two  of  the  three  industries  examined. 

In  the  case  of  the  electrical  and  chemical  (two  digit)  industries  then,  there  is 
at  least  an  empirical  foundation  for  the  analysis  of  the  Special  Committee.  The 
Canadian  R&D  spending  of  foreign  owned  firms  is  less  than  half  that  of  domes¬ 
tically  owned  firms  facing  similar  circumstances.  This  could  reflect  the  existence 
of  economies  in  locating  R&D  facilities  near  headquarters  or  the  ignorance  of 
foreign  owned  firms  of  the  real  advantages  of  locating  R&D  facilities  in  Canada 
or  the  ignorance  of  domestic  firms  of  the  advantages  of  locating  R&D  facilities 
abroad.  Under  the  second  set  of  circumstances  there  may  be  legitimate  grounds 
for  bargains  which  result  in  a  shift  to  Canada  of  a  firm’s  R&D  efforts.  This  rather 
weak  conclusion  is  all  this  analysis  yields  in  terms  of  policy  implications.  It  says 
nothing  about  the  total  value  of  resources  which  Canada  should  devote  to 
acquiring  new  knowledge,  either  imported  or  domestically  produced,  or  about 
the  terms  on  which  imported  knowledge  should  be  acquired.  The  latter  issue  was 
the  legitimate  concern  of  both  the  Select  Committee  and  the  Gray  Report 
(1972,  128-35)  and  is  worthy  of  further  study. 

To  this  point  we  have  considered  only  R&D  carried  on  within  the  firm  and 
within  Canada.  The  analysis  can  and  should  be  extended  to  cover  expenditures 
for  R&D  conducted  extramurally. 

An  estimate  of  model  (2)  where  the  dependent  variable  is  now  annual  expen¬ 
ditures  for  R&D  conducted  outside  the  firm  but  within  Canada  appears  as  equa¬ 
tion  (3)  in  Table  1.  One  can  reject  at  the  99  per  cent  confidence  level  the  null 
hypothesis  that  these  expenditures  do  not  differ  between  ownership  categories 
in  favour  of  the  alternative  hypothesis  that  these  expenditures  are,  on  average, 
greater  among  domestically  owned  firms.  This  reinforces  the  conclusions  reached 
regarding  R&D  conducted  within  the  firm.  Taken  together,  domestically  owned 
firms  spend  more  on  R&D  conducted  domestically. 

An  estimate  of  model  (2),  where  the  dependent  variable  is  defined  as  annual 
expenditures  on  R&D  conducted  both  extramurally  and  outside  Canada,  appears 
as  equation  (4)  in  Table  In  this  case,  the  average  expenditure  of  foreign 

24  R&D  expenditures  here  include  payments  by  Canadian  firms  for  R&D  done  by  foreign 
affiliates.  Payments  by  Canadian  subsidiaries  of  a  multinational  firm  for  R&D  done  by 
subsidiaries  ot  the  same  tirm  which  are  located  in  other  countries  would  fall  in  this 
category.  Royalty  payments  are  not  included. 
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owned  firms  is  greater  than  that  of  domestically  owned  firms.  The  difference  is 
significant,  however,  only  at  significance  levels  in  excess  of  seventeen  per  cent. 
This  result  provides  only  weak  support  for  the  Select  Committee’s  view  of  the 
world. 

Taken  as  a  whole  the  results  are  broadly  supportive  of  the  inferences  made 
earlier.  There  may  be  economies  in  centralizing  R&D  at  the  headquarters  of  the 
firm.  If  such  economies  do  not  exist,  it  is  possible  that  either  domestic  or  foreign 
firms  are  ignoring  relative  cost  considerations  in  locating  their  R&D  facilities.  No 
inference  regarding  the  total  R&D  expenditures  of  either  group  of  firms  can  be 
made  on  the  basis  of  these  results. 


2 

Guidelines  for 

the  administration  of  subsidies 


2.1  INTRODUCTION 

In  Section  1.2,  it  was  demonstrated  that  the  subsidization  of  scientific  R&D 
could  be  justified  on  strict  allocative  efficiency  grounds.  That  is,  the  subsidiza¬ 
tion  of  R&D  has  the  effect  of  increasing  the  value  of  the  goods  and  services  that 
can  be  produced  with  a  given  resource  endowment.  In  the  following  sections,  the 
criteria  to  be  used  in  the  administration  of  such  subsidiaries  are  discussed.  In 
particular,  an  attempt  is  made  to  answer  the  following  questions: 
a  Should  the  administrators  discriminate  between  foreign  and  domestically 
owned  firms  in  the  awarding  of  subsidies? 
b  Should  recipients  of  subsidies  be  required  to  exploit  the  results  of  their  R&D 
in  Canada? 

c  Should  administrators  discriminate  between  exporting  and  non-exporting 
firms  in  the  administration  of  subsidies? 
d  How  big  should  the  subsidy  be? 

e  What  information  should  be  required  of  subsidy  applicants? 

The  discussion  of  these  questions  will  employ  the  theoretical  framework 
developed  in  Section  1 .2. 

2.2  FOREIGN  OWNERSHIP  AND  THE  RETURNS  TO  R&D: 
IMPLICATIONS  FOR  THE  ADMINISTRATION  OF  SUBSIDIES 

In  this  section,  we  investigate  the  effect  on  the  social  return  to  resources  allo¬ 
cated  to  R&D  of  differences  in  the  nationality  of  the  ownership  of  the  rights  to 
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Figure  4 


the  new  knowledge  produced.  It  is  shown  that  under  certain  circumstances,  the 
return  to  resources  allocated  to  R&D  is  greater  when  the  rights  to  its  results  are 
domestically  owned.  It  is  also  shown,  however,  that  there  are,  in  general,  no 
grounds  for  discriminating  on  the  basis  of  ownersliip  in  the  awarding  of  R&D 
subsidies. 

Consider  again  the  model  employed  in  Section  1.2.  As  is  illustrated  in  Figure 
1 ,  a  process  innovation  shifts  the  long-run  supply  function  for  good  X  downward 
to  S'.  If  the  owners  of  the  rights  to  the  innovation  are  granted  a  patent  T  periods 
in  duration  and  set  royalties  approaching  {P\~P2)  unit  of  X  produced,  the 
present  value  of  their  gross  income  (gross  private  benefit)  is 

G=/>i(2i  C{\-e’'^)lr.  (1) 

The  marginal  private  benefit  of  a  change  in  the  rate  of  cost  reduction  is 

c' (1 (2) 

After  the  expiry  of  the  patent  the  process  innovation  is  freely  available  to  all  X 
producers  and,  as  a  result,  the  price  of  X  is  bid  down  to  P2.  If  the  rights  to  the 
innovation  are  domestically  owned,  the  gross  social  benefit  resulting  from  it  is 
the  sum  of  the  private  benefit  and  the  increase  in  consumers’  surplus  which 
occurs  after  the  expiry  of  the  patent.  It  can  be  written  as 


Guidelines  39 


B  =  (PiQiC  +  y2PiQieC^i’''^)lr.  (3) 

The  marginal  social  benefit  of  a  change  in  the  rate  of  cost  reduction  is 

r-r-r 

B'  =  {P^Qi  +  PiQieCe  '  )lr.  (4) 

The  marginal  R&D  cost  of  a  change  in  the  rate  of  cost  reduction  is  again 
assumed  to  be  an  increasing  function  of  the  rate  of  cost  reduction  desired.  Thus 

R  =  g'{C).  (5) 

Functions  (2),  (4),  and  (5)  are  graphed  in  Figure  4.^ 

Maximization  of  the  net  private  benefit  of  R&D  requires  that  the  rate  of  cost 
reduction  be  such  that  the  marginal  private  benefit  equal  the  marginal  R&D  cost 
of  a  change  in  the  rate  of  cost  reduction.  This  rate  is  shown  as  Cq  in  Figure  4.  It 
will  be  chosen  regardless  of  the  nationality  of  the  ownership  of  the  rights  to  the 
innovation.  The  present  value  of  the  net  private  benefit  (economic  profits) 
accruing  to  the  owners  of  these  rights  is  given  by  area^’  in  Figure  4. 

The  net  social  benefit  resulting  from  the  innovation  depends  crucially  on  the 
nationality  of  the  ownership  of  the  rights  to  it.  If  the  latter  are  foreign  owned 
the  net  private  benefit,  E,  accrues  to  foreigners  and  must  be  treated  as  an 
additional  cost.^  Net  social  benefit  is  then  given  by  area  D  in  Figure  4.  If  the 

1  It  was  the  opinion  of  the  authors  of  the  Economic  Council  of  Canada’s  ‘Report  on 
Intellectual  and  Industrial  Property’  (1971)  that  the  rate  of  invention  was  largely  insen¬ 
sitive  to  any  incentive  provided  by  the  Canadian  patent  system.  In  the  present  context 
this  implies  a  vertical  g'hC)  function  which  is  illustrated  below. 


In  this  environment  the  optimal  patent  term  is  zero  periods  and  there  is  no  scope  for 
the  subsidization  of  R&D. 

2  Foreigners  have  a  claim  on  Canadian  goods  and  services  with  a  present  value  given  by 
area  E.  When  they  choose  to  exercise  it,  Canadians  must  forego  consumption  of  goods 
and  services  of  a  similar  value. 
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rights  to  the  innovation  are  domestically  owned,  net  social  benefit  includes  any 
privately  appropriated  surplus  and  is  therefore  given  by  areas  D  and  E  in  Figure 
4.  Thus,  to  the  extent  that  any  economic  profits  resulting  from  an  innovation 
accrue  to  foreigners,  the  social  net  benefit  resulting  from  that  innovation  is 
reduced. 

As  can  be  seen  from  expressions  (2)  and  (4)  and  Figure  4,  an  increase  in  the 
patent  term  results  in  an  upward  shift  of  G',  while  B'  is  shifted  downward  and 
reduced  in  slope.  As  the  patent  term  approaches  infinity,  G'  approaches  the 
net  social  benefit  resulting  from  a  foreign  owned  innovation  approaches  zero  and 
the  net  social  benefit  resulting  from  the  same  innovation  domestically  owned 
approaches 


lr)-g'{C)]dC 


which  exceeds  zero.  Thus,  the  longer  the  patent  term  the  greater  is  the  net  social 
benefit  occurring  under  domestic  ownership  relative  to  that  which  occurs  under 
foreign  ownership. 

The  rate  of  cost  reduction  which  maximizes  private  net  benefits,  Cq,  is  less 
than  that  wliich  would  maximize  social  net  benefits,  Cg.  This  is  true  regardless  of 
ownership  and  for  patent  terms  of  a  finite  duration.  A  subsidy  with  a  present 
value  given  by  area//  in  Figure  4  is  sufficient  to  induce  additional  resources  with 
a  value  of  //  +  /  dollars  into  R&D  and  hence  to  achieve  a  rate  of  cost  reduction 
which  is  optimal  from  a  social  viewpoint.  The  present  value  of  the  increase  in  net 
social  benefit  or  welfare  resulting  from  the  subsidy  is  given  by  area  F^.  Both  the 
appropriate  subsidy  and  the  increase  in  net  social  benefit, // and  F  respectively, 
are  the  same  regardless  of  the  nationality  of  the  ownership  of  the  rights  to  the 
innovation.  The  reason  for  this  is  that  the  subsidy  advocated  is  just  equal  to  the 
opportunity  cost  of  the  additional  R&D  resources  employed.  Since  none  of  the 
increase  in  net  benefit  produced  by  the  latter  is  privately  appropriable,  the  issue 
of  ownership  becomes  irrelevant. 

To  summarize,  while  the  post-subsidy  net  social  benefit  under  domestic 
ownership,  D  +  F  +  F,  exceeds  that  obtained  under  foreign  ownersliip,  /)  +  F, 
the  incremental  net  social  benefit  resulting  from  the  subsidy  is  the  same  regard¬ 
less  of  the  nationality  of  the  ownership.  At  the  margin,  therefore,  there  are  no 
grounds  for  discriminating  between  applicants  for  subsidies  on  the  grounds  of 
ownership.  There  are,  however,  grounds  for  scrutinizing  the  subsidy  requests  of 


3  The  usual  second  best  caveat  holds.  The  welfare  gain  is  unambiguous  only  if  the  amount 
paid  for  additional  R&D  resources  reflects  their  opportunity  cost.  Distortions  in  the 
sectors  from  which  these  resources  are  drawn  may  result  in  their  opportunity  cost  ex¬ 
ceeding  H  and  J.  The  increase  in  net  social  benefit  due  to  the  subsidy  must  be  reduced  to 
this  extent. 
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Figure  5 
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foreign  owned  firms  more  thoroughly.  The  reason  for  this  is  that  any  subsidy 
payment  to  a  foreign  owned  firni  in  excess  of  the  opportunity  cost  of  the 
additional  R&D  resources  required  is  itself  a  cost  and,  as  such,  reduces  net  social 
benefit.  An  over-payment  to  a  domestically  owned  firm  has  no  effect  on  net 
social  benefit  provided  it  does  not  exceed  .6'  -  G'  dollars  per  percentage  point  of 
cost  reduction  achieved.^ 

The  introduction  of  income  taxes  does  not  change  the  conclusion  reached 
above.  If,  for  example,  the  owners  of  the  innovation  must  pay  taxes  at  rate  t  on 
royalty  income  the  marginal  private  benefit  function  becomes 

GT' =  {i- t)P^Q^  (i- e->-T)jr,  (6) 

which  lies  below  G'  for  any  positive  tax  rate.  As  is  illustrated  in  Figure  5,  the 
profit  maximizing  rate  of  cost  reduction  is  reduced.  The  deviation  between  the 

4  The  ‘excess’  subsidy  has  no  efficiency  implications^  in  the  case  of  the  domestically  owned 
firm  because  it  is  not  excessive  at  the  margin.  At  (Figure  4)  the  minimum  and  maxi- 

mum  allowable  per  unit  subsidies  coincide.  To  the  right  of  a  per  unit  subsidy  of 

g'  -  G'  entails  a  social  loss  of  g'  -  B'  per  percentage  point  of  cost  reduction  achieved. 

The  loss  due  to  the  overallocation  of  resources  to  R&D  is  the  same  whether  the  subsidy 
recipient  is  foreign  or  domestically  owned.  I  am  indebted  to  Professor  Steven  Globerman 
for  bringing  this  matter  to  my  attention. 
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private  and  social  optima  is  increased  and  with  it  the  scope  for  and  returns  to 
subsidization. 

The  greater  the  tax  rate,  the  greater  is  the  net  social  benefit  occurring  under 
foreign  ownership  relative  to  that  which  occurs  under  domestic  ownership.  To 
generalize,  the  higher  the  tax  rate  or  the  shorter  the  patent  term,  the  smaller  is 
the  relative  effect  of  foreign  ownership  and  the  less  important  it  becomes  as  a 
policy  issue. 

2.3  RESTRICTIONS  ON  THE  LOCATION  OF  PRODUCTION; 

IMPLICATIONS  FOR  THE  ADMINISTRATION  OF  SUBSIDIES 

Present  Canadian  subsidy  programs  contain  a  provision  requiring  that  any  inven¬ 
tions  resulting  from  subsidized  R&D  projects  be  worked  on  or  manufactured  in 
Canada.^  This  provision  is  apparently  designed  to  ‘create  jobs’  manufacturing 
new  products.  It  can  be  shown  that  there  are  other  combinations  of  policies 
which  are  more  effective  both  in  encouraging  R&D  and  ‘creating  jobs’  than  the 
‘work  in  Canada’  provision  of  the  subsidy  system. 

Consider  a  new  product  Y  with  demand  schedule  DDy  ^^  Figure  6.  The  cost 
of  producing  a  unit  of  Y  in  Canada  is  C^.  Profit  maximization  implies  a  price  and 
output  of  and  respectively.  The  monopoly  profit  oiF^ABC^.  per  period  is 
the  return  to  the  resources  allocated  to  the  invention  of  Y 

5  See  Section  3.1  for  details.  The  Gray  Report  (1972,  133)  also  recommends  that  ‘work 
in  Canada’  restrictions  attached  to  present  programs  be  maintained. 

6  The  model  employed  here  is  generalized  in  McGee  (1966).  In  McGee’s  version,  which  is 
illustrated  below,  the  demand  function  for  new  product  Y  is  DD,  the  production  cost 
per  unit  of  Y  is  CC  and  marginal  licencing  cost,  the  additional  cost  incurred  by  the  Y 
patentee  for  an  additional  unit  of  Y  produced  under  licence,  is  given  by  LL.  In  his 
simplest  case,  CC  is  the  long-run  supply  function  of  an  industry  which  is  to  produce 

Y  competitively. 
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Figure  6 


If  is  lower  than  the  cost  of  producing  a  unit  of  Y  elsewhere  in  the  world, 
Y  will  be  produced  in  Canada.  In  this  case  the  ‘work  in  Canada’  provision  of  the 
R&D  subsidy  is  irrelevant. 


The  maximum  uniform  per  unit  royalty  which  can  be  extracted  from  potential  licencees 
as  a  group  is  the  difference  between  the  demand  price  and  the  cost  of  production.  The 
derived  demand  for  licences  is  then  the  demand  price  less  production  cost  of  D'  D' .  The 
patentee’s  marginal  licence  revenue  will  be  given  by  D'  M. 

The  returns  to  the  patentee  will  be  maximized  at  a  T  output  such  that  marginal 
royalty  revenue  is  equal  to  marginal  licensing  cost  or  OQ  units  of  Y.  This  implies  per 
unit  royalties  of  OR  and  a  Y  price  of  OP. 

For  a  zero  marginal  licensing  cost,  the  price  and  output  of  Y ,  the  income  of  the  in¬ 
ventor  of  Y,  and  thus  the  implicit  royalty  rate  are  identical,  obtained  in  the  model 
employed  in  the  text  and  illustrated  in  Figure  6.  As  McGee  shows,  the  existence  of 
different  cost  functions  for  different  potential  Y  producers,  non-constant  returns  to 
scale,  and  bilateral  monopoly  will  influence  the  relative  returns  to  the  patentee  for 
licensing  as  opposed  to  producing  Y  itself  as  well  as  the  patentee’s  optimal  royalty  rate. 
Unchanged  is  the  inventor’s  fundamental  interest  in  the  minimization  of  the  production 
costs  of  the  new  product.  For  this  reason  the  conclusions  reached  in  this  section  are  also 
valid  for  the  range  of  cases  considered  by  McGee. 
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If  the  ‘work  in  Canada’  provision  is  binding,  the  foreign  production  cost  of  a 
unit  of  Y,  Cf,  must  be  lower  than  the  Canadian  production  cost.  That  is,  without 
this  restriction,  good  Y  would  be  produced  abroad.  Thus,  to  the  extent  that  it  is 
effective,  the  ‘work  in  Canada’  provision  forces  the  owner  of  the  rights  to  Y  to 
produce  it  in  Canada  at  a  higher  cost. 

In  this  case  the  owner  of  the  rights  to  Y  loses  profits  of  C^ECf  per  period. 
This  is  a  reduction  in  the  return  to  the  resources  allocated  to  the  invention  of  Y. 
If  the  return  of  PpGECf  per  period  was  just  sufficient  to  induce  the  allocation 
of  resources  to  the  invention  of  Y,  the  return  after  the  imposition  of  the  ‘work 
in  Canada’  provision,  P^ABC^  per  period  will  be  insufficient.  An  additional 
subsidy  equal  to  the  lost  economic  of  profit  of  C^BECf  per  period  is  required  if 
resources  are  to  be  allocated  to  the  invention  of  Y.  ^ 

The  imposition  of  a  binding  ‘work  in  Canada’  provision  also  reduces  con¬ 
sumers’  surplus  obtained  from  the  consumption  of  Y  by  P^AGPf  per  period. 
The  reduction  in  the  social  return  to  the  resources  allocated  to  the  invention  of 
Y  is  the  sum  of  this  reduction  in  consumers’  surplus  and  the  reduction  in 
economic  profit  of  P^AGPp  +  C^BECf  per  period.  With  greater  production  costs 
and  a  consequent  higher  price,  the  benefits  to  society  from  inventing  Y  must 
naturally  be  less. 

In  general,  then,  the  ‘work  in  Canada’  provision,  where  effective,  reduces  the 
social  return  to  resources  allocated  to  R&D  and  increases  the  size  of  the  subsidy 
required  to  induce  the  allocation  of  resources  of  a  given  value  to  R&D. 

If  the  resources  allocated  to  the  production  of  Y  would  otherwise  be  un¬ 
employed,  the  production  of  Y  in  Canada  would,  in  fact,  create  jobs.  In  the 
present  context  this  implies  that  the  social  (opportunity)  cost  of  producing  a 
unit  of  Y  is  less  than  C^,  and  possibly  less  than  Cp.  In  the  latter  case  reliance  on 
a  comparison  between  domestic  and  foreign  private  costs,  and  Cp  respec¬ 
tively,  will  lead  a  prospective  Y  producer  to  locate  abroad  when  Canada  is,  in 
fact,  the  least  cost  location. 

Assume  that  the  social  cost  of  producing  a  unit  of  Y  in  Canada  is  just  equal  to 
Cp  in  Figure  6  so  that  Canadian  production  is  as  efficient  as  foreign  production. 
Consider  now  two  methods  of  inducing  a  prospective  Y  producer  to  locate  in 
Canada.  The  first  is  to  operate  directly  on  the  location  decision  by  subsidizing 
domestic  Y  production.  In  the  present  case  a  per  unit  subsidy  of  -  Cp  is 
sufficient  to  induce  a  Y  producer  to  locate  in  Canada.  Given  this  production 
subsidy,  profit  maximization  implies  an  output  of  OQp  per  period  and  social 

7  This  subsidy  cannot  exceed  the  deviation  between  the  social  and  private  return  which  is 

DAP^  per  period. 
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benefit  net  of  production  cost  of  DGECf  per  period.  The  latter  is  comprised  of 
the  return  to  resources  allocated  to  R&D  of  FfGECf  per  period  and  consumers’ 
surplus  of  DGPf  per  period. 

The  alternative  is  to  operate  on  the  location  decision  indirectly  by  forcing 
recipients  of  R&D  subsidies  to  produce  in  Canada  any  inventions  resulting  from 
subsidized  R&D  activity.  No  production  subsidy  is  paid,  although,  as  is  argued 
above,  the  R&D  subsidy  will  have  to  be  larger.  In  tliis  case  a  profit  maximizing  Y 
producer  acting  on  the  basis  of  a  private  per  unit  cost  of  would  set  output  at 
OQ^  units  per  period.  Social  benefit  net  of  production  cost  is  then  DA HCf  per 
period.  The  latter  is  smaller  by  AGEH  per  period  than  the  social  benefit  achieved 
using  a  production  subsidy.  This  loss,  both  in  consumers’  surplus  and  in  returns 
to  R&D,  is  the  result  of  the  restriction  of  Y  production.  Y  production  is  re¬ 
stricted  because,  while  the  ‘work  in  Canada’  provision  achieves  the  goal  of  induc¬ 
ing  production  to  locate  in  Canada,  it  does  nothing  to  correct  the  excess  of 
private  over  social  production  cost.  The  production  subsidy  does  both 
simultaneously. 

In  summary,  if  the  goal  is  to  influence  the  location  of  production,  it  is  always 
better  to  operate  directly  on  the  factors,  relative  production  costs  in  this  model, 
which  determine  location.  Efforts  to  influence  the  location  decision  indirectly 
through  R&D  subsidies  simply  reduce  the  social  benefit  which  flows  from  the 
R&D.  Similarly,  and  perhaps  more  obviously,  one  would  not  try  to  influence  the 
R&D  decision  by  changing  relative  production  costs. 

The  principle  that  subsidies  should  exert  their  influence  on  behaviour  in  as 
direct  a  manner  as  possible  can  be  extended  to  cover  the  use  of  R&D  subsidies  to 
achieve  various  regional  goals.  Consider  a  country  with  two  regions,  M  and  N. 
Let  production  cost  be  lower  in  region  N.  Because  of  its  relatively  high  produc¬ 
tion  costs,  region  AI  is  underdeveloped  and  has  a  relatively  high  unemployment 
rate.  In  an  effort  to  reduce  regional  inequality  the  government  requires  that 
recipients  of  R&D  subsidies  produce  their  inventions  in  region  M.  This  is  exactly 
analogous  to  the  ‘work  in  Canada’  provision  discussed  above.  The  ‘work  in 
region  AE  restriction,  if  it  is  binding,  reduces  the  return  to  R&D  and  increases  the 
size  of  the  R&D  subsidy  required  to  attract  resources  of  a  given  value  into  R&D. 
If,  because  of  the  high  rate  of  unemployment  in  region  AI,  the  social  (oppor¬ 
tunity)  cost  of  production  is  actually  lower  than  that  in  region  N,  incentives  to 
locate  in  the  former  are  desirable.  Again,  the  preferred  alternative  is  to  operate 
directly  on  the  determinants  of  the  locational  decision  subsidizing  production  in 
region  AI.  A  ‘work  in  region  Af  restriction  achieves  the  regional  goal,  but  does  so 
at  the  cost  of  reducing  the  return  to  R&D.  The  regional  production  subsidy 
entails  no  such  cost. 
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Figure  7 


2.4  EXPORTS  AND  THE  RETURN  TO  R&D;  IMPLICATIONS  FOR  THE 
ADMINISTRATION  OF  SUBSIDIES 

It  is  sometimes  argued  that,  since  exports  are  to  be  encouraged,  preference 
should  be  accorded  firms  which  produce  for  export  when  subsidies  are  awarded. 
It  is  contended  here  that  a  preference  such  as  this  is  undesirable  on  economic 
grounds.  Two  illustrative  cases  are  developed.  In  the  first  the  correct  policy  is  to 
make  no  distinction  between  potential  domestic  and  export  production  in  the 
awarding  of  R&D  subsidies.  In  the  second,  the  correct  policy  is  to  discriminate  in 
favour  of  firms  producing  for  the  domestic  market  when  subsidies  are  awarded. 

Consider  first  product  innovation  Y  with  cost  and  demand  conditions  illus¬ 
trated  in  Figure  7.  Directed  entirely  to  the  domestic  market,  a  profit  maximizing 
output  of  units  per  period  generates  social  benefit  net  of  production  cost 
equal  to  DABC^  per  period.  Of  this  P^ABC^  can  be  construed  as  the  return  to 
the  resources  allocated  to  the  invention  of  Y.  The  balance,  DAP^  per  period,  is 
consumers’  surplus. 

If  the  same  output  were  exported  at  price  the  resulting  foreign  currency 
earnings  would  be  sufficient  to  purchase  imports  valued  in  domestic 

funds.  Consumers’  surplus  on  these  imports  should,  on  average,  amount  to  DAP^ 
per  period. 

In  the  absence  of  taxes  and  tariffs,  then,  the  net  benefit  yielded  by  a  given 
output  of  Y  is  the  same  whether  this  output  is  exported  or  consumed  domes- 
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Figure  8 


tically.  Similarly,  the  return  to  R&D  depends  on  the  position  of  the  demand 
function  for  Y,  but  not  on  the  destination  of  Y  production.  Exports  or  export 
potential  is  relevant  only  insofar  as  it  implies  a  greater  demand  for  Y.  Export 
sales  per  se  are  not  intrinsically  preferable  to  domestic  sales.  There  is  no  reason, 
therefore,  to  discriminate  between  domestic  and  export  sales  when  calculating 
the  returns  to  an  R&D  project  or  when  awarding  subsidies. 

An  alternative  model  was  developed  in  Section  1.2.  A  process  innovation 
results  in  a  downward  shift  of  the  supply  function  for  good  X.  As  is  illustrated  in 
Figure  8,  this  increases  consumers’  surplus  by  P^P^'P-,"P2  per  period.  If  X  is 
consumed  domestically,  this  is  also  the  social  return  to  the  resources  devoted  to 
developing  the  process  innovation.  Since  the  private  return  is  zero,  a  subsidy  is 
both  necessary  and  warranted.  If  X  is  exported,  however,  the  innovation  merely 
reduces  the  price  paid  by  foreign  consumers.  The  return  to  the  resources  allo¬ 
cated  to  R&D  is  zero.  There  is  no  reason  to  develop  this  innovation.  Obviously, 
there  are  no  grounds  for  an  R&D  subsidy. 

In  general,  there  are  no  grounds  for  the  subsidization  of  the  development  of 
innovations  which  have  as  their  principal  effect  the  reduction  in  the  price  paid 
by  foreigners  for  a  Canadian  good.^  The  case  for  subsidization  becomes  stronger 


8  This  conclusion  is  strictly  correct  only  for  cases  in  which  the  supply  function  is  horizon¬ 
tal.  See  McFetridge  (1976). 
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the  greater  the  proportion  of  the  output  involved  which  is  consumed 
domestically.^ 

It  may  well  be  the  case  that 

All  roads  lead  to  a  link  between  export  performance  and  R&D.  (Gruber  et  ah, 
1967, 22) 

The  burden  of  this  Section  is  simply  that,  subject  to  the  qualifications  raised 
above  (see  n.  9),  the  establisliment  of  such  a  link  has  no  implications  for  the 
criteria  to  be  used  in  the  awarding  of  R&D  subsidies. 

2.5  THE  SIZE  OF  THE  SUBSIDY 

The  model  employed  in  Sections  1.2  and  2.2  to  analyse  the  R&D  decision  and 
develop  a  rationale  for  R&D  subsidies  is  characterized  by  a  continuous  functional 
relationship  between  social  benefit  and  the  rate  of  cost  reduction  and  between 
the  rate  of  cost  reduction  and  the  level  of  R&D  expenditures.  This  model  led  to 


9  There  is  an  argument  that  when  there  are  tariffs  on  imports,  an  ad  valorem  tariff  at  rate 
t,  for  example,  export  sales  will  generate  a  greater  social  benefit  than  will  equivalent 
domestic  sales.  In  this  case,  export  sales  will  be  preferable  per  se  to  domestic  sales.  In 
the  context  of  the  model  of  the  product  innovation  illustrated  in  Figure  7,  for 
example,  the  export  of  quantity  at  a  price  of  (in  terms  of  domestic  currency) 

allows  the  exporting  country  to  purchase  foreign  goods  valued  not  at  P^AQ^O  but 

at  (1  +  t)  P^AQ^O  in  domestic  currency.  Since  (1  +  t)  P^  must  be  a  point  on  the  demand 

curve  for  imports,  consumers’  surplus  remains  the  same.  The  social  benefit  resulting 
from  the  innovations  increases  by  tP^AQ^O  dollars  per  period  if  the  innovation  is 

exported.  If  one  accepts  this  approach,  the  project  which  results  in  export  sales  will  be 
eligible  for  a  greater  subsidy,  other  things  being  equal,  than  one  which  does  not.  In  the 
case  of  the  model  of  the  process  innovation  applied  to  a  good  which  is  exported,  illus¬ 
trated  in  Figure  8,  a  tariff  on  imports  will  result  in  a  positive  return  to  the  innova¬ 
tion,  provided  the  foreigner’s  elasticity  of  demand  for  the  good  involved  exceeds  one. 
The  greater  the  tariff  and  the  foreigner’s  elasticity  of  demand,  the  greater  is  the  social 
benefit  generated  by  the  application  of  the  process  innovation  to  an  exported  good 
relative  to  that  generated  by  its  application  to  a  good  consumed  domestically. 

The  argument  that  exports  generate  greater  social  benefits  than  equivalent  domestic 
sales  has  a  number  of  flaws.  It  assumes  that  there  is  no  equivalent  deviation  between  the 
value  placed  on  the  new  invention  by  domestic  consumers  and  the  price  received  by  its 
producer.  If,  for  example,  there  is  an  excise  tax  at  rate  7  (=f )  imposed  on  goods  intended 
for  domestic  consumption,  there  is,  again,  nothing  to  choose  between  domestic  and 
export  production.  Second  best  considerations  notwithstanding,  the  general  equilibrium 
implications  of  this  argument  are  also  unclear.  What  are  the  consequences,  in  aggregate, 
of  the  pursuit  of  a  general  policy  of  subsidizing  activities  which  lead  to  exports? 
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the  conclusion,  illustrated  in  Figure  4,  that  the  optimal  marginal  subsidy,  i//, 
would  be  such  that 

g  ^  G'  <  B'  (1) 

where  \p  =  present  value  of  the  subsidy  payment  in  terms  of  dollars  per  unit 
(percentage  point)  of  cost  reduction. 

g'  =  present  value  of  the  R&D  cost  of  an  additional  unit  of  cost  reduc¬ 
tion  (marginal  R&D  cost). 

G'  =  present  value  of  the  additional  income  which  results  from  an 
additional  unit  of  cost  reduction  (expression  (10)  Section  1.2) 
and  accrues  to  the  inventor. 

B'  =  present  value  of  the  additional  social  benefit  wliich  results  from 
an  additional  unit  of  cost  reduction  (expression  (9),  Section  1.2). 

The  subsidization  rule  obtained  from  this  model  is  applicable  to  a  wider  range 
of  cases.  It  may  be  applied,  for  example,  to  a  discrete  set  of  R&D  projects,  the 
results  of  which  may  be  either  product  or  process  innovations.  To  illustrate  the 
generality  of  the  subsidization  rule  summarized  in  expression  (1)  the  symbols 
employed  therein  may  be  defined  on  a  per  project  basis  so  that 


g 

G' 

G' 

B' 

B' 

G'-g' 
B'-g 
B'  -  G' 


=  present  value  of  the  subsidy  to  be  awarded  a  given  R&D  project, 
=  present  value  of  the  cost  of  the  project, 

=  present  value  of  the  income  net  of  all  but  project  costs  ig')  which 
accrues  to  those  undertaking  the  project  and  is  attributable  to  the 
project, 

=  gross  private  benefit, 

=  present  value  of  social  benefit  net  of  all  but  project  costs  and 
attributable  to  the  project, 

=  gross  social  benefit, 

=  net  private  benefit, 

=  net  social  benefit, 

=  external  benefit. 


When  applied  to  an  individual  R&D  project,  the  subsidization  rule  implies, 
first,  that  any  project  for  which  gross  social  benefit  exceeds  gross  private  benefit 
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[B'  -  G'  >  0)  should  be  eligible  for  subsidization.  Because  of  the  limited  term  of 
the  patent,  the  prohibition  of  price  discrimination  or  the  complete  absence  of 
property  rights,  most  R&D  projects  will  be  included  in  this  category.  Subsidy 
administrators  can  satisfy  themselves  as  to  the  existence  of  an  external  benefit 
by  requiring  subsidy  applicants  to  list  the  potential  users,  other  than  the  appli¬ 
cant,  of  the  results  of  the  project  and  to  explain  why  these  potential  users  will 
be  able  to  escape  paying  for  the  results  they  use. 

The  second  implication  of  the  subsidization  rule  is  that  the  subsidy  paid 
should  be  confined  to  the  difference  between  the  present  value  of  project  costs 
and  the  gross  private  benefit  (g  -  G'  =  \p).  This  insures  that  the  resources 
allocated  to  the  project  are  receiving  their  opportunity  cost  and  no  more.  A 
subsidy  in  excess  of  this  amounts  to  a  rent  to  those  undertaking  the  project.  It 
was  shown  in  Section  2.2  that,  if  the  latter  are  foreign  nationals,  the  net  social 
benefit  resulting  from  the  project  is  reduced  by  the  amount  of  the  ‘excess 
subsidy.’  While  this  is  not  the  case  Vv'hen  those  undertaking  the  project  are 
domestic  nationals,  those  administering  the  subsidies  may  wish  to  avoid  what  is, 
after  all,  a  transfer  from  taxpayers  to  inventors  which  does  not  influence  the 
inventive  activity  of  the  latter. 

The  third  implication  of  the  subsidization  rule  is  that  the  subsidy  should 
never  exceed  the  difference  between  gross  social  benefit  and  gross  private  bene¬ 
fit.  A  subsidy  in  excess  of  this  difference  would  have  the  effect  of  inducing  an 
overallocation  of  resources  to  R&D.  The  present  value  of  the  consequent  reduc¬ 
tion  in  national  income  is  in  this  case,^'  -  B\ 

In  order  to  assure  themselves  that  they  are  not  paying  an  ‘excess  subsidy,’ 
administrators  should  require  that  subsidy  applicants  provide  estimates  of  both 
the  costs  of  the  project  and  the  income  stream,  net  of  all  but  project  costs, 
which  the  latter  is  expected  to  generate.  Since  the  subsidy  is  confined  to  the 
difference  between  the  present  value  of  the  costs  of  the  project  and  the  present 
value  of  the  income  stream  it  generates  (gross  private  benefit),  a  project  that 
earns  the  opportunity  cost  of  the  resources  allocated  to  it  {G'  =  g')  will  receive 
no  subsidy.  Ruled  out,  then,  is  the  use  of  the  subsidy  system  to  support  projects 
which  will  be  profitable  for  their  proponents  but  for  which  financing  can  not  be 
obtained.  Under  rule  (1)  the  subsidy  system  can  not  be  used  to  plug  the  so-called 
‘gaps  in  the  capital  market.’ 

The  confinement  of  the  subsidy  to  the  difference  between  project  cost  and 
gross  private  benefit  up  to  a  maximum  of  the  difference  between  gross  social  and 
gross  private  benefit  provides  an  incentive  for  applicants  to  understate  the  gross 
private  benefit  and,  simultaneously,  to  overstate  the  gross  social  benefit  of  any 
given  project.  It  is  the  unenviable  task  of  the  administrator  to  assess  the  value  of 
the  results  of  a  project  to  firms  other  than  the  applicant  and  the  extent  to  which 
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the  latter  can  obtain  these  results  without  paying.  If  the  answer  to  either  of 
these  questions  is  ‘nil,’  there  are  no  grounds  for  subsidization. 

Another  point  of  contention  between  the  applicant  and  the  administrator  will 
be  the  discount  rate  to  be  applied  in  present  value  calculations.  The  essence  of 
the  conclusion  reached  in  Section  1.3  is  that,  unless  it  can  be  demonstrated  that 
the  transactions  and  moral  hazard  cost  of  achieving  a  given  amount  of  risk 
reduction  through  government  are  less  than  those  of  achieving  it  through  the 
market,  R&D  costs  and  the  income  and  social  benefit  streams  associated  with  a 
given  project  proposal  should  be  discounted  at  the  rate  at  which  the  market 
normally  discounts  the  future  earnings  of  the  applicant  or  other  firms  in  a 
similar  risk  class.  This  discount  rate  could  be  inferred,  for  example,  from  the 
applicant’s  price  :  earnings  ratio  or  from  the  price  :  earnings  ratio  of  firms 
operating  in  a  similar  environment.  It  should  not,  in  any  case,  be  equal  to  the 
so-called  risk  free  discount  rate. 

Division  of  (1)  by  g  yields 

(g'-G')lg'  =  ^lg'<(B'-G')lg',  (2) 

which  implies  that,  for  values  of  G'  approaching  zero,  the  required  subsidy 
approaches  one  hundred  per  cent  of  R&D  costs,  provided,  of  course,  that  the 
social  benefit  :  cost  ratio  (B'  /  g')  is  equal  to  or  greater  than  one.  It  is  the  current 
practice  to  confine  subsidies  to  approximately  fifty  per  cent  of  R&D  costs. 
Under  this  system  no  project  for  wliich  gross  private  benefit  is  less  than  half  of 
R&D  costs  {G'  <  .5&  )  will  be  undertaken  regardless  of  its  social  benefit  ;  cost 
ratio.  The  present  system,  therefore,  discriminates  against  projects  where  the 
largest  portion  of  benefits  accrue  to  firms  other  than  those  undertaking  the 
projects.  This  is  precisely  where  a  subsidy  is  most  important.  The  proposed 
system  would  be  free  of  this  defect. 

The  requirements  implicit  in  the  subsidy  rule  summarized  by  (1)  and  (2)  have 
the  effect  of  ensuring  that;  (a)  only  projects  with  non-negative  net  social  bene¬ 
fits  {g'  ^  B')  will  receive  subsidies;  (b)  the  subsidized  firm  will  never  receive 
more  than  the  difference  between  gross  private  benefit  and  the  opportunity  cost 
of  the  resources  allocated  to  the  relevant  project  =  g  —  G')\  (c)  the  subsidy 
will  never  exceed  the  difference  between  gross  social  and  private  benefit  which  is 
the  external  benefit  attributable  to  the  project  B'  —  G' ). 

To  ensure  that  the  subsidy  system  has  these  properties,  subsidy  adminis¬ 
trators  will  require  applicants  to  submit;  (a)  estimates  of  project  costs;  (b) 
estimates  of  the  income  stream  net  of  all  but  project  costs  which  is  generated  by 
the  project;  (c)  estimates  of  the  value  of  project  results  to  others;  and  (d) 
estimates  of  the  extent  to  which  others  can  be  made  to  pay  for  these  results. 
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The  above  subsidization  rules  are  reassuringly  similar  to  those  advocated  by 
Kuch  (1974).  In  his  summarization  of  the  criteria  upon  which  to  base  the 
general  subsidization  decision  Kuch  argues  that 

With  respect  to  a  particular  subsidy,  once  it  has  been  determined  that  the  good 
involved  is  socially  desirable  (net  social  benefit  exceeds  zero)  and  that  society 
receives  external  benefits  that  are  at  least  as  large  as  the  grant  ...  ,  it  is  worth¬ 
while  to  determine  if  the  grant  requested  is  larger  than  should  be  required  to 
induce  production  of  the  good.  Essentially  this  involves  seeing  how  the  grant 
alters  the  entrepreneur’s  income  relative  to  the  rest  of  society. 

Where  P  represents  the  entrepreneur’s  potential  profits  from  producing  the  good 
without  the  grant,  let  be  the  profits  he  would  earn  from  his  best  alternative 
investment  involving  the  same  outlay.  Then  if  -  P  -  G  [the  grant]  the  entre¬ 
preneur’s  relative  income  position  is  not  changed  by  the  grant.  His  inputs  are 
earning  just  what  they  would  receive  in  alternative  uses.  (12) 

Although  they  clearly  misunderstood  the  mechanics  of  its  application,  the 
members  of  the  Senate  Committee  on  Science  Policy  appeared  to  favour  an 
evaluative  approach  similar  to  the  above.  They  concluded  that 

The  administrators  of  the  [subsidy]  program  should  develop  their  own  criteria 
and  priorities  for  the  selection  of  R&D  projects  to  be  supported  and  the  degree 
of  assistance  they  should  receive.  They  should  first  require  private  firms  to 
present  their  own  benefit  :  cost  ratio  and  evaluation  of  the  success  potential  of 
the  innovation.  The  administrators  should  also  develop  techniques  for  measuring 
the  social  benefit  :  cost  ratio  and  evaluating  the  chance  of  success.  These  mea¬ 
sures  will  never  be  exact  and  completely  reliable  but  they  can  be  used  as  rough 
guidelines.  In  principle,  when  the  private  benefit-cost  ratio  is  greater  than  one 
and  the  social  ratio  is  lower  than  one,  R&D  projects  should  receive  a  low  priority 
for  public  support.  The  higher  the  private  ratio  and  the  lower  the  social  ratio  the 
less  public  assistance  is  needed  or  justified  for  a  given  project.  Cases  where  the 
social  ratio  is  higher  than  the  private  ratio  should  get  priority.  (573-4) 

While  they  err  in  the  details  of  their  analysis  (no  project  for  which  the  social 
benefit-cost  ratio  is  less  than  one  or  less  than  the  private  benefit-cost  ratio  should 
ever  receive  a  subsidy),  the  senators  appear  to  concur,  at  least  in  part,  with  the 
principles  of  evaluation  set  out  in  this  study. 
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2.6  ADMINISTRATION  OF  R&D  SUBSIDIES: 

SOME  GENERAL  GUIDELINES 

The  foregoing  discussion  has  provided  both  a  rationale  and  some  criteria  for  the 
administration  of  R&D  subsidies.  These  can  be  summarized  as  follows: 

1  Within  the  present  legal  environment  the  subsidization  of  R&D  expenditures 
can  be  justified  on  the  grounds  that  they  result  in  an  increase  in  allocative 
efficiency. 

2  There  are  no  discernible  grounds  for  the  use  of  subsidies  or  any  other  type  of 
state  intervention  to  bear  risk. 

3  The  subsidy  awarded  any  R&D  project  should  be  confined  to  the  difference 
between  R&D  costs  and  the  gross  private  benefit  up  to  a  maximum  of  the 
difference  between  gross  social  and  private  benefit. 

4  The  social  rate  of  return  to  resources  allocated  to  R&D  does,  under  some 
circumstances,  depend  on  the  ownership  of  these  resources.  In  simple  terms, 
when  resources  are  paid  more  than  their  opportunity  cost,  their  ownership 
matters.  If  the  subsidy  to  an  R&D  project  is  just  sufficient  to  cover  the  excess  of 
R&D  costs  over  the  present  value  of  the  private  net  benefit  flow,  the  social  return 
to  the  project  is  the  same  regardless  of  the  ownership  of  the  resources  involved 
in  it  and  discrimination  between  foreign  and  domestically  owned  subsidy  appli¬ 
cants  is  unwarranted. 

Since  a  subsidy  to  a  foreign  owned  firm  in  excess  of  the  difference  between 
R&D  costs  and  the  present  value  of  the  private  net  benefit  flow  reduces  the  social 
return  to  R&D,  while  a  similar  error  in  favour  of  a  domestically  owned  firm  does 
not,  the  subsidy  requests  of  the  former  should  be  scrutinized  more  thoroughly. 

5  The  effect  of  placing  restrictions  on  the  disposition  of  the  results  of  sub¬ 
sidized  R&D  projects,  if  any,  is  to  reduce  the  social  rate  of  return  to  the  re¬ 
sources  allocated  to  these  projects  and  to  increase  the  size  of  the  subsidy  neces¬ 
sary  to  induce  firms  to  undertake  them. 

The  primary  goal  of  R&D  subsidies  is  to  encourage  R&D.  The  use  of  these 
subsidies  to  achieve  other  goals  reduces  their  effectiveness  in  achieving  the 
primary  goal.  This  is  the  effect  of  any  stipulation  that  the  results  of  subsidized 
R&D  projects  be  exploited  in  Canada  or  in  a  specific  region  or  province  of 
Canada.  The  goal  of  increasing  employment  in  the  manufacturing  of  new  pro¬ 
ducts  can  be  achieved  more  effectively  by  direct  subsidization  of  such 
employment. 

Similar  conclusions  can  be  reached  regarding  the  use  of  R&D  subsidies  to 
encourage  rural  life  or  small  business  or  the  use  of  certain  languages.  It  is  always 
more  efficient  to  subsidize  these  activities  directly. 
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6  In  the  absence  of  taxes  and  tariffs,  export  sales  potential  should  enter  into  the 
calculation  of  the  return  to  a  given  R&D  project  only  insofar  as  it  implies  a  larger 
market  for  any  new  products  or  processes  developed.  Exports  per  se  are  not 
intrinsically  preferable  to  domestic  sales.  There  are,  in  fact,  cases  in  which  sub¬ 
sidies  to  export  oriented  applicants  should  be  avoided.  As  a  general  rule,  how¬ 
ever,  no  distinction  should  be  made  between  export  and  domestically  oriented 
applicants. 


3 

Evaluation  of 

the  existing  subsidy  system 


3.1  DESCRIPTION  OF  THE  CURRENT  SUBSIDY  SYSTEM 

Federal  tax  legislation  provides  for  two  general  subsidies  to  scientific  research 
and  development.  These  subsidies  have  the  effect  of  raising  the  private  rate  of 
return  to  all  types  of  scientific  R&D. 

The  first  general  subsidy  is  implicit  in  Section  72  of  the  Income  Tax  Act. 
Since  1961  firms  have  been  allowed  to  write  off  all  R&D  expenditures,  other 
than  those  on  physical  capital  used  in  R&D,  in  the  year  they  are  incurred.  Since 
R&D  expenditures  are  likely  to  exert  effects  which  last  beyond  the  year  in  which 
they  are  incurred,  the  proper  accounting  procedure  is  to  treat  R&D  as  intangible 
capital.  The  present  system,  therefore,  provides  an  accelerated  (100%)  write-off 
for  investments  in  ‘R&D  capital.’  The  size  of  the  subsidy  involved  increases  as  the 
economic  decay  rate  of  R&D  capital  decreases.  The  size  of  the  subsidy  implied 
will  also  increase  with  the  rate  at  which  future  profits  are  discounted. 

The  second  general  subsidy  is  provided  under  the  Industrial  Research  and 
Development  Incentives  Act  of  1967  (IRDIA).  The  IRDIA  subsidy  takes  the  form 
of  tax  free  cash  grants  (tax  credits)  equal  to  25  per  cent  of  the  increase  in 
current  R&D  expenditures  over  the  average  of  the  preceding  five  years.  It  also 
provides  for  grants  equal  to  25  per  cent  of  expenditures  on  physical  capital  to  be 
used  in  R&D.  All  activities  defined  as  R&D  in  the  Income  Tax  Act  and  which  are 
deemed  to  be  of  benefit  to  Canada  are  eligible  for  the  IRDIA  subsidy.^  R&D 

1  For  a  definition  of  activities  acceptable  for  tax  purposes  as  R&D  see  The  Canada 

Gazette  (1969,  1373-4). 
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activities  are  deemed  to  be  of  benefit  to  Canada  if  they  are  carried  on  for  the 
purpose  of  ‘strengthening  the  business’  of  the  applicant  and  if  the  applicant  is 
free  to  exploit  any  results  of  its  R&D  in  Canada.  The  Act  does  not  appear  to 
disqualify  applicants  who  are  not  free  to  exploit  the  results  of  their  R&D  in 
export  markets. 

The  federal  government  also  maintains  four  specific  subsidy  programs,  each 
of  which  is  intended  to  raise  the  private  rate  of  return  to  a  specific  type  of  R&D. 
These  programs  are:  the  Industrial  Research  Assistance  Program  (IRAP),  the 
Defence  Industrial  Research  Program  (DIR),  the  Program  for  the  Advancement 
of  Industrial  Technology  (PAIT),  and  the  Defence  Industrial  Productivity  Pro¬ 
gram  (dip). 

IRAP  was  introduced  in  1962  with  the  object  of  encouraging  the  allocation  of 
additional  resources  to  applied  research  in  science  or  engineering  in  the  non¬ 
defence  industries.  All  companies  which  are  incorporated  in  Canada  and  have  the 
capability  of  exploiting  the  results  of  their  research  in  Canada  are  eligible  for 
IRAP  grants.  The  latter  take  the  form  of  the  payment  of  salaries  of  scientists, 
engineers,  and  technicians  added  to  the  applicant’s  research  staff  to  undertake  an 
approved  project.  The  subsidy  cannot,  in  general,  exceed  half  the  cost  of  the 
project.  The  maximum  period  over  which  a  project  may  receive  assistance  is  five 
years. 

PAIT  was  introduced  in  1966  to  provide  forgivable  loans  to  finance  product 
or  process  development  in  the  non-defence  industries.  The  program  was 
modified  in  1969  and  now  provides  subsidies  to  product  and  process  develop¬ 
ment  projects  in  the  non-defence  industries.  PAIT  assistance  takes  the  form  of  a 
grant  of  as  much  as  50  per  cent  of  current  expenses  plus  overhead  assignable  to 
an  approved  development  or  product  introduction  project.  All  companies  in¬ 
corporated  in  Canada  are  eligible  for  subsidization  under  PAIT.  Recipients  are 
required,  however,  to  exploit  the  results  of  their  R&D  in  domestic  and  foreign 
markets  from  a  manufacturing  base  in  Canada  ‘to  the  extent  that  it  is  not 
uneconomic  to  do  so.’  Results  of  subsidized  projects  cannot  be  transferred 
abroad  for  purposes  of  manufacture  without  the  consent  of  the  federal 
government. 

DIR  was  established  in  1961  to  encourage  the  allocation  of  additional  re¬ 
sources  to  applied  research  in  the  defence  industry.^  DIR  assistance  takes  the 
form  of  a  grant  of  as  much  as  50  per  cent  of  the  direct  costs  involved  in  an 
approved  project.  All  companies  incorporated  in  Canada  and  conducting  re¬ 
search  of  potential  military  significance  are  eligible  for  DIR  assistance.  Recipients 

2  Defence  industries  include  the  aerospace,  electrical,  electronic,  shipbuilding  industries 

as  well  as  parts  of  the  motor  vehicles  industry. 
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must  conduct  their  research  in  Canada  and  undertake  to  exploit  any  results  in 
Canada. 

DIP  was  introduced  in  1959  for  the  purpose  of  encouraging  the  allocation  of 
resources  to  product  and  process  development  in  the  defence  industries.  The  DIP 
program  also  provides  for  the  subsidization  of  both  certain  product  introduction 
activities  and  the  purchase  of  production  machinery.  The  latter  segment  of  the 
DIP  program  was  known  formerly  as  the  ‘Industry  Modernization  for  Defence 
Export’  (IMDE)  program.  A  DIP  subsidy  generally  takes  the  form  of  a  grant  of  as 
much  as  50  per  cent  of  the  direct  cost  plus  the  overhead  assignable  to  approved 
projects. 

The  specific  subsidy  programs  have  several  common  characteristics.  They  are 
not  automatic.  They  must  be  applied  for  and  approved  by  the  government.  The 
assistance  provided  generally  amounts  to  one-half  the  cost  assignable  to  the 
project.  All  firms  incorporated  in  Canada  are  eligible  for  assistance.  Specifically, 
eligibility  is  not  restricted  to  Canadian  owned  firms.  There  appears  to  be  some 
restriction  on  selling  R&D  itself  abroad.  All  four  programs  have  at  least  a  formal 
requirement  that  the  results  of  R&D  projects  be  worked  in  Canada.  The  implica¬ 
tions  of  such  a  restriction  were  discussed  in  Section  2.2. 

The  dollar  value  of  federal  R&D  subsidies  awarded  under  the  above  programs 
is  given  in  Table  2.  The  relative  importance  of  federal  subsidies  as  a  source  of 
funds  for  industrial  R&D  is  shown  in  Table  3.  On  average  the  federal  government 
appears  to  be  the  direct  source  of  fifteen  per  cent  of  the  resources  allocated  to 
industrial  R&D.  To  the  extent  that  resources  supplied  by  the  firm  are  part  of  the 
matching  contribution  required  under  the  subsidy  programs  described  above,  the 
federal  influence  on  R&D  expenditures  will  be  larger.  The  extent  to  which 
federal  subsidies  do,  in  fact,  elicit  a  matching  contribution  of  resources  from 
recipients  is  investigated  in  Section  3.3.  For  the  present  it  can  be  concluded  that 
the  federal  expenditures  on  either  subsidies  or  R&D  contracts  could  be  the 
source  of  as  much  as  thirty  per  cent  of  industrial  R&D  spending. 

3.2  CHARACTERISTICS  OF  SUBSIDY  RECIPIENTS 

In  previous  sections  of  this  study  we  suggested  a  number  of  criteria  which  should 
be  used  in  the  administration  of  R&D  subsidies.  In  this  section  we  attempt  to 
infer  the  criteria  actually  employed  in  the  administration  of  the  present  subsidy 
system.  To  do  this  we  examine  the  characteristics  of  firms  receiving  R&D  sub¬ 
sidies  and  compare  them  with  the  characteristics  of  firms  which  do  R&D  but 
have  not  received  subsidies.  From  the  special  characteristics  of  subsidy  recipients 
one  can  make  inferences  regarding  the  type  of  firm  or  activity  implicitly  being 
supported  by  the  program. 
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TABLE  2 

Federal  R&D  subsidies  1967-74  ($000) 


PAIT 

DIP 

DIR 

IRAP 

IRDIA 

1967 

4,596 

22,626 

4,702 

4,198 

— 

1968 

6,364 

22,904 

4,499 

5,086 

2,131 

1969 

4,303 

29,588 

4,286 

6,100 

19,592 

1970 

5,290 

48,500 

4,208 

6,295 

23,000 

1971 

13,055 

45,187 

4,499 

6,856 

30,114 

1972 

27,428 

48,500 

4,500 

8,430 

31,278 

1973 

26,537 

48,325 

4,213 

10,534 

31,963 

1974 

25,558 

57,503 

4,499 

11,936 

30,416 

SOURCE:  Canada,  Public  Accounts  (annual). 

TABLE  3 

Sources  of  funds  for  intramural  R&D* 

Percentage 

Source 

1963 

1965 

1967 

1969 

1971 

1973 

Reporting  company 

76 

69 

77 

75 

71 

68 

Related  companies, 
domestic 

2 

2 

2 

4 

5 

1 

Federal  government 

16 

18 

14 

14 

16 

16 

Industrial  contracts, 
domestic 

1 

1 

1 

2 

1 

1 

Other,  domestic 

1 

1 

1 

1 

1 

1 

Related  companies, 
foreign 

2 

4 

3 

2 

3 

5 

Industrial  Contracts, 
foreign 

1 

1 

1 

1 

1 

1 

Other  foreign 

1 

4 

1 

1 

2 

2 

Total 

100 

100 

100 

100 

100 

100 

SOURCE;  Statistics  Canada  (annual). 

*  Includes  R&D  contracts,  excludes  IRDIA  subsidies. 


The  task,  then,  is  to  find  the  determinants  of  the  probability  of  a  firm’s 
applying  for  and  being  granted  an  R&D  subsidy.  Among  the  possible  deter¬ 
minants  are: 

a  Ownership;  while  there  is  no  reason  to  believe  that  foreign  and  domestically 
owned  firms  will  differ  in  their  propensity  to  apply  for  subsidies,  there  may  be 
discrimination  either  for  or  against  domestically  owned  firms  in  the  awarding  of 
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subsidies.  Our  theoretical  analysis  leads  us  to  recommend  that  there  be  no  such 
discrimination. 

b  Firm  size:  large  firms  may  be  more  aware  of  and,  therefore,  more  likely  to 
apply  for  subsidies.  The  application  process  may  also  be  sufficiently  costly  to 
discourage  small  applicants.  On  the  other  hand  the  subsidies  may  have  been  used 
to  support  small  firms.  The  program  could  then  display  a  bias  in  either  direction. 
There  is  no  reason  to  discriminate  among  applicants  on  the  basis  of  size,  al¬ 
though,  in  the  presence  of  substantial  transactions  costs,  the  return  to  a  process 
innovation  will  increase  with  the  size  of  the  firm  introducing  it. 
c  Size  of  the  R&D  operation:  firms  maintaining  large  R&D  operations  may, 
again,  be  more  aware  of  and  thus  more  inclined  to  apply  for  subsidization. 
Subsidies  may  have  been  used  to  support  small  R&D  operations  or  to  encourage 
the  establishment  of  new  ones.  The  net  effect  of  the  program  may  either  support 
or  discourage  small  R&D  operations.  Our  theoretical  analysis  suggests  that  it  is 
the  nature  of  the  project  (deviation  between  its  social  and  private  rate  of  return) 
rather  than  the  R&D  operation  which  should  be  the  determining  factor  in  the 
subsidization  decision. 

d  Location:  there  may  be  interregional  differences  in  the  propensity  of  firms  to 
apply  for  subsidies.  This  may  be  either  offset  or  reinforced  by  the  use  of  the 
subsidy  system  to  effect  interregional  transfers  by  discriminating  in  favour  of 
firms  in  a  favoured  region.  Our  analysis  leads  us  to  the  advocacy  of  a  strict 
separation  of  the  objectives  of  encouraging  R&D  and  diminishing  regional  in¬ 
equalities.  Locational  subsidies  or  direct  interregional  transfers  should  be  used  to 
attack  the  latter  problem. 

e  Financial  condition:  failing  firms  may  be  more  inclined  to  apply  for  subsidiza¬ 
tion.  If  the  government  wishes  to  avoid  their  failure  they  may  also  be  more 
likely  to  have  their  applications  approved.  This  would,  of  course,  be  inimical  to 
the  objective  of  encouraging  productive  R&D  efforts. 

f  Nature  of  the  product:  the  subsidy  system  may  reflect  a  particular  ‘industrial 
strategy.’  That  is,  subsidies  may  have  been  used  to  encourage  the  development  of 
either  new  products  of  a  particular  nature  (SIC  category)  or  new  processeses  with 
a  particular  application.  This  intention  may  be  offset  or  reinforced  by  inter¬ 
industry  differences  in  the  propensity  of  firms  to  apply  for  subsidies.  The 
analysis  presented  here  implies  that  subsidies  may  be  concentrated  in  a  few 
industries  if  the  set  of  projects  for  which  the  excess  of  social  over  private  returns 
is  similarly  concentrated.  There  are,  however,  no  other  grounds  for  such  a  con¬ 
centration  of  subsidies. 

The  relationship  suggested  by  the  above  discussion  may  be  summarized 
symbolically  as 
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]  ’ 


^6 


Pit-x 


Qit-x^ 


where 

P{Gif)  =  probability  of  the  zth  firm  receiving  an  R&D  subsidy  during 
period  r, 

Oi  -  dummy  variable  to  indicate  the  nationality  of  ownership  of  the 
zth  firm, 


1 

^it- 1 

Hi 

Pit- 1 
Qit- 1 

// 


=  sales  of  the  zth  firm  during  the  previous  period, 

=  R&D  expenditures  of  the  zth  firm  during  the  previous  period, 

=  dummy  variable  to  indicate  the  region  in  which  the  zth  firm  is 
headquartered, 

=  profits  of  the  zth  firm  during  period  t, 

=  quick  ratio  (current  assets/current  liabilities)  of  the  zth  firm  at  the 
end  of  the  previous  period, 

=  dummy  variable  to  indicate  the  SIC  industry  to  which  the  zth  firm 
is  assigned. 


If  we  let  fj,  7=1  ...  7  be  the  derivative  of  the  function  with  respect  to  the  zth 
argument,  a  finding  that  /2  exceeds  zero  would  imply  that  the  probability  of 
obtaining  an  incentive  grant  increases  with  the  size  of  the  firm.  That  is,  the 
system  discriminates  in  favour  of  larger  firms.  Similarly,  a  finding  that  both 
and  are  negative  indicates  that  the  worse  the  financial  health  of  a  firm,  the 
greater  is  its  chance  of  obtaining  an  R&D  grant. 

If  the  dummy  variable  equals  one  if  the  zth  firm  is  foreign  and  zero 
otherwise,  then  a  finding  that  exceeds  zero  implies  that  foreign  owned  firms 
have  a  higlier  probability  of  receiving  subsidies.  In  this  case  there  is  implicit 
discrimination  in  favour  of  foreign  owned  firms. 

If  the  classical  linear  regression  model  were  to  be  employed  in  the  estimation 
of  (1),  the  population  regression  model  would  be  written  as 


/>(G,-U  =  (2) 

where  z  =  1  ...TV,  7=1  ...  T,  X  is  an  NT  X  k  matrix  of  the  observations  on  k 
independent  variables  defined  in  (1),  j3  is  a  X  1  vector  of  regression  coefficients 
and  is  an  NT  X  1  vector  of  random  disturbances.  P{Gif)  will  be  an  NT  X  1 
vector  of  zeros  (when  no  grant  is  received)  and  ones  (when  a  grant  is  received). 
P{Gii)  does  not,  therefore,  have  the  properties  assumed  of  it  in  the  classical  linear 
regression  model.  In  particular,  it  is  not  normally  distributed.  While  this  is  not 
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necessarily  fatal,  Goldberger  (1964)  has  shown  that  estimates  of  this  model  will 
have  heteroskedastic  residuals  which  have  the  effect  of  biasing,  in  an  indetermi¬ 
nant  direction,  the  usual  tests  of  significance.  In  addition,  there  will  exist  values 
of  the  independent  variables  such  that  PiGf^)  will  be  outside  the  required  zero  to 
one  range. 

A  solution  to  this  problem  is  to  transform  PiGi^)  into  a  variable  y  such  that 
y  =  Xp  and  -<^<y<^.  This  can  be  done  via  either  a  probit  or  a  logit  transforma¬ 
tion.  In  a  probit  transformation  one  assumes  that  for  given  values  of  the  inde¬ 
pendent  variables  (which  can  be  represented  by  the  1  X  k  vector  JT*)  the 
probability  of  receiving  a  subsidy  is  given  by  the  value  of  the  cumulative 
standard  normal  density  function  at  X*|3.  Thus 


P{Git)  =  F{y)  =  F(X*i})  = 


SO  that  the  transformed  variable  y  is  defined  implicitly  as 


y  =  F-^P(Git)  (4) 

and  -°<^<y  <0°  as  required.  By  (3),  each  of  the  PiG^f)  is  a  function  of  the  P  so 
that  maximum  likelihood  estimators  of  the  p  can  be  found  by  maximizing  the 
logarithm  of  the  likelihood  function  of  the  sample  with  respect  to  p.  If  there  are 
V  cases  in  which  subsidies  are  awarded  and  therefore  NT  —  V  cases  in  which  they 
are  not  awarded,  the  logarithm  of  the  likelihood  function  of  the  sample  is 

V  NT 

InL  =  S  ln/^(G/)  +2  In  (1  -  F(Gj) ).  (5) 

/  =  1  ^  /  =  K  +  1  ^ 

The  maximization  procedure  is  described  in  Cragg  (1968). 

The  logit  transformation  results  in  the  creation  of  a  variable  y  such  that 


=  In  \P{Gy  /(!-/>  (G,y) )]  =  xa.  (6) 

y  is  merely  the  logarithm  of  the  odds  in  favour  of  obtaining  a  subsidy.  As 
required,  -cx)<j;<oo  for  O  ^P{Gi^)<,  1.  In  this  case  the  P  can  be  estimated  by 
the  maximum  likelihood  method  as  described  by  Cragg  (1968)  or  by  least 
squares  as  suggested  by  Theil  (1971). 

Both  the  probit  and  logit  models  are  applied  to  the  data  set  described  in  the 
Appendix.  Estimates  of  the  probability  of  receiving  a  subsidy  given  various 
combinations  of  ownership,  size,  financial  condition,  location,  and  industry  are 
reported  for  the  probit  model  in  Table  4  and  for  the  logit  model  in  Table  5. 
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The  results  obtained  from  these  alternative  estimation  methods  are  virtually 
identical.  Among  the  conclusions  which  can  be  drawn  from  these  results  and 
which  reference  to  either  Table  4  or  Table  5  will  confirm  are  that,  all  else  being 
equal,  the  probability  of  receiving  a  subsidy:  (a)  did  not  differ  from  year  to  year 
over  the  sample  period;  (b)  was  greater  for  foreign  than  for  domestically  owned 
firms;  (c)  was  not  affected  by  the  size  of  the  previous  year’s  R&D  budget;  (d) 
increased  with  firm  size  but  at  a  decreasing  rate  so  that  it  reached  a  maximum 
for  firms  with  annual  sales  of  280  million  dollars  in  1971;  (e)  was  greater  for 
firms  with  headquarters  in  Quebec  than  for  firms  whose  headquarters  were 
elsewhere  in  Canada. 

The  effect  of  the  financial  condition  of  the  firm  on  the  probability  of  its 
receiving  a  subsidy  is  ambiguous.  Firms  with  lower  quick  ratios  did  have  a 
greater  probability  of  receiving  a  subsidy.  Firms  which  earned  losses  during  the 
previous  year  had  a  lower  probability  of  receiving  a  subsidy.  These  two  results 
are  not  necessarily  contradictory.  A  firm  can  be  short  of  working  capital  but  still 
not  be  making  losses,  and  vice  versa.  It  was  also  found  that  a  longer  history  of 
losses  (two  previous  years  or  three  previous  years)  did  not  affect  the  probability 
of  receiving  a  subsidy.  If  one  accepts  this  last  result,  one  is  left  with  the  conclu¬ 
sion  that  a  relatively  weak  cash  position,  as  reflected  in  a  low  quick  ratio, 
increased  the  probability  of  a  firni’s  receiving  assistance,  but  that  a  relatively 
weak  economic  position,  as  reflected  in  losses  over  a  number  of  past  periods,  did 
not  affect  that  probability. 

The  probability  of  receiving  a  subsidy  differs  substantially  from  industry  to 
industry.  The  industries  involved  can  be  dichotomized  into  higher  and  lower 
probability  groups.  The  industries  in  the  former  include  electrical  equipment  and 
appliances,  paint  and  varnish,  and  plastic  fabrication.  Those  included  in  the 
latter  are  non-electrical  machinery  and  chemicals.  There  is  no  indication  from 
these  results  that  there  is  any  type  of  industrial  activity  which  has  been  favoured 
implicitly  by  the  subsidy  system. 

One  must  be  cautious  in  interpreting  and  employing  these  results.  As  can  be 
seen  from  the  results  provided  in  Tables  4  and  5  fully  two-thirds  of  the  differ¬ 
ence  in  the  probability  of  receiving  a  subsidy  is  due  to  the  industry  in  which  the 
firm  operates.  This  is  most  likely  the  result  of  inter-industry  differences  in 
research  opportunities  and  is  not  of  particular  interest  for  policy  purposes.  More¬ 
over,  the  probability  measured  here  is  that  of  applying  for  and  receiving  a 
subsidy.  A  bias  against  one  type  of  firm  or  activity  may  be  offset  by  a  greater 
propensity  to  apply  for  assistance.  This  may  be  the  reason  that  the  financial 
variables  do  not  exert  an  unambiguous  influence  on  the  probability  of  receiving 
assistance.  Other  conclusions  must  be  similarly  qualified.  One  can  conclude,  for 
example,  only  that  firms  with  headquarters  in  Quebec  were  either  more  likely 
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than  firms  with  headquarters  elsewhere  either  to  apply  for  assistance  or  to  have 
applications  accepted  or  both.  The  same  caveat  applied  to  conclusions  drawn 
regarding  large  firms  and  foreign  owned  firms. 

3.3  RESPONSES  OF  RECIPIENTS  TO  SUBSIDIZATION^ 

As  was  indicated  in  Section  3.1  the  R&D  subsidies  offered  by  the  federal  govern¬ 
ment  take  the  form  of  a  cost  sharing  arrangement  whereby  the  government 
normally  pays  one-half  the  cost  of  the  R&D  projects  it  chooses  to  support. 
Payments  are  made  only  upon  proof  of  equivalent  expenditures  by  the  firm. 
Insofar  as  individual  projects  are  concerned,  expenditures  by  the  firm  from  its 
own  funds  match  public  funds  dollar  for  dollar.  When  we  consider  the  entire 
R&D  budget  of  the  firm,  however,  no  such  compulsion  exists.  The  receipt  of  an 
incentive  grant  may  increase,  decrease,  or  leave  unchanged  the  total  R&D  expen¬ 
ditures  of  the  recipient.  If  the  subsidy  is  awarded  in  support  of  a  project  which 
the  recipient  would  not  otherwise  have  undertaken  (an  extra-marginal  project) 
and  the  latter  does  not  abandon  other  unsubsidized  projects  which  it  would 
otherwise  have  undertaken,  its  R&D  expenditures  will  increase  by  the  amount  of 
the  subsidy.  The  subsidy  has  the  effect  of  increasing  the  value  of  resources 
devoted  to  R&D  by  both  the  public  and  private  sectors. 

At  the  other  extreme  is  the  case  in  which  the  subsidy  is  awarded  in  support  of 
a  project  which  the  recipient  would  have  undertaken  in  any  case  (an  intra¬ 
marginal  project).  The  recipient  is  able  to  reduce  the  value  of  its  own  resources 
devoted  to  R&D  by  the  amount  of  the  subsidy.  In  this  case  the  subsidy  system 
does  not  affect  the  value  of  resources  allocated  to  R&D.  It  merely  results  in  the 
replacement  of  private  with  public  funds. 

The  R&D  expenditures  of  subsidy  recipients  may  not  change  at  all.  This  will 
occur  if  the  subsidy  is  awarded  to  an  extra-marginal  project  and  the  recipient 
transfers  resources  from  other  projects  to  pay  for  its  share,  or  if  the  subsidy  is 
awarded  in  support  of  an  intra-marginal  project  and  the  recipient  transfers  the 
resources  saved  to  other  R&D  projects.  In  this  case  the  effect  of  the  subsidy  is  to 
increase  the  value  of  resources  devoted  to  R&D  by  the  amount  of  the  subsidy 
and  no  more.  The  private  sector  does  not  increase  the  value  of  resources  it 
devotes  to  R&D.  The  increase  is  due  entirely  to  the  public  sector  and,  in  expendi¬ 
ture  terms,  is  the  same  as  would  be  achieved  by  development  contract  or  addi¬ 
tional  ‘in-house’  R&D  expenditures. 


3  The  findings  reported  in  this  section  are  taken  from  J.D.  Howe  and  D.G.  McFetridge, 
“The  Determinants  of  R&D  Expenditures,”  (1976). 
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Finally,  if  the  returns  to  alternative  R&D  projects  are  interdependent,  the 
receipt  of  a  subsidy  in  support  of  one  project  may  raise  returns  to  others.  The 
effect  of  this  could  be  to  increase  R&D  expenditures  by  more  than  the  amount 
of  the  subsidy. 

It  is  evident  that  the  success  of  the  present  system  in  increasing  the  value  of 
resources  allocated  to  scientific  research  and  development  is  crucially  dependent 
on  the  responses  of  subsidy  recipients.  The  latter  can,  by  cutting  their  own  R&D 
budgets,  completely  nullify  the  effect  of  the  subsidies.  On  the  other  hand,  if 
firms  react  by  increasing  their  budgets,  the  effect  of  the  subsidies  is  reinforced. 

The  nature  of  the  response  to  subsidization  can  be  determined  by  specifying 
and  estimating  a  multiple  regression  model  which  predicts  the  R&D  expenditures 
of  a  firm  with  a  given  set  of  characteristics  and  comparing  this  with  the  R&D 
expenditures  of  a  firm  with  similar  characteristics  but  which  is  also  a  recipient  of 
an  R&D  subsidy.  If  it  is  observed  that  the  latter  is  spending  more  on  R&D,  this  is 
taken  as  evidence  that  the  subsidy  has  induced  its  recipient  to  make  R&D  expen¬ 
ditures  greater  than  those  it  would  ordinarily  make. 

The  R&D  expenditures  which  a  firm  would  ordinarily  make  will  be  an  increas¬ 
ing  function  of  its  size  (in  terms  of  sales)  and  of  its  internal  cash  flow  (profits 
after  taxes  plus  depreciation).  This  is  illustrated  by  the  following  simple  model 
of  the  R&D  decision. 

Consider  a  firm  facing  the  demand  schedule 


(1) 


P  =  A  -BQ, 


where  P  is  price  per  unit  and  Q  is  quantity  demanded.  Long-run  marginal  cost  is 
constant  at  dollars  per  unit  of  output.  A  process  innovation  shifts  the  cost 
function  downward  to  C2,  as  illustrated  in  Figure  9.  The  innovation  has  the 
effect  of  increasing  the  profits  of  the  firm  by  CjFGC2  dollars  per  period. 

Provided  that  A  exceeds  one,  Cj  can  be  set  equal  to  one  so  that^the  change  in 
marginal  cost  due  to  the  innovation,  AC,  is  also  its  rate  of  change,  C.  The  present 
value  of  the  increase  in  profits  resulting  from  the  innovation  can  then  by  ex¬ 
pressed  as  a  function  of  the  initial  level  of  output,  0^,  the  slope  of  the  demand 
function,  B,  and  the  discount  rate,  r.  Thus, 


An  =  [CQi  +  (ll4B)C^]lr. 


(2) 


The  effect  of  a  change  in  the  rate  of  cost  reduction  on  the  present  value  of 
the  increase  in  profits  is  given  by  the  marginal  profit  function 


(dldC)  (Atr)  =  [Qi  +  (l/25)C]/r  =  Atr'. 


(3) 
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Figure  9 


Assume  now  that  the  marginal  R&D  cost  (in  present  value  terms)  of  a  change 
in  the  rate  of  cost  reduction  is  an  increasing  linear  function  of  the  rate  of  cost 
reduction.  Thus 

{dldC)  {R)  =  kC  =  R',  (4) 

where  R  is  the  present  value  of  the  R&D  expenditure  required  to  achieve  a  given 
percentage  reduction  in  production  cost. 

Functions  (3)  and  (4)  are  shown  in  Figure  10.  Profit  maximization  requires  a 
rate  of  cost  reduction,  C*,  such  that  marginal  R&D  cost  equals  the  marginal 
change  in  the  present  value  of  profits.  The  equilibrium  rate  of  cost  reduction  is 
then 

C^  =  [Q^  +  (\/2B)C]/kr,  (5) 

which  is  stable  provided  k  exceeds  2Br.  Tlie  present  value  of  the  R&D  expendi¬ 
tures  required  to  achieve  a  percentage  cost  reduction  of  C*  is 

C* 

R*=f  kC  dC  =  [Qy+{M2B)C\-lkr^ . 

Jo 


(6) 
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The  profit  maximizing  level  of  R&D  expenditures  is  thus  an  increasing  func¬ 
tion  of  the  initial  level  of  output,  (dR*  /  0)  and  a  decreasing  function  of 

the  discount  rate  (37?*/  3r<0).  Because  there  are  no  transactions  costs  in¬ 
volved  in  raising  funds  within  the  firm,  there  are  grounds  for  accepting  a  lower 
rate  of  return  on  them  than  would  be  acceptable  in  the  case  of  external  sources 
of  finance.  In  this  case,  other  things  being  equal,  the  discount  rate  will  decrease 
as  internal  cash  flow  increases. 

The  precise  nature  of  the  effect  of  a  change  in  firm  size  on  the  profit 
maximizing  level  of  R&D  depends  on  the  shape  of  the  marginal  R&D  cost  func¬ 
tion  (Howe  &  McFetridge,  1976;  Kamien  &  Schwartz,  1975).  To  allow  for  the 
variety  of  shapes  that  function  might  assume,  the  R&D-firm  size  relationship  is 
specified  as  a  cubic.  The  relationship  between  R&D  expenditures  and  both  after¬ 
tax  profits  and  depreciation  is  assumed,  for  the  sake  of  simplicity,  to  be  linear. 

The  foregoing  leads  to  the  following  regression  model 

Rjt  =  ao  +  + 

+  ^it  > 

where 

Rif  =  R&D  expenditures  from  its  own  funds  of  the  /th  firm  during 
year  t, 

Sif  =  sales  of  /th  firm  during  year  t, 

Pif  =  profits  after  tax  but  before  deduction  of  R&D  expenditures  of  the 

/th  firm  during  year  t, 
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A  If  =  depreciation  charges  of  the  ith  firm  during  year  t, 

Gff  =  government  R&D  incentive  grants  received  by  the  /th  firm  during 

year  t, 

Ejf  =  a  random  disturbance. 

If  the  estimate  of  is  such  that  (9  >  -1 ,  one  can  infer  that  recipients  of 

subsidies  reduce  their  own  R&D  spending  below  its  normal  level.  If  a  >  0,  the 
subsidies  increase  the  value  of  resources  allocated  by  the  private  sector  to  R&D. 
If  <2  =  0,  recipients  of  subsidies  do  not  change  R&D  spending  and  the  effect  of 
the  subsidy  system  is  no  different  from  that  of  a  development  contract  or  of 
‘in-house’  R&D  expenditures  by  the  government. 

If  either  the  implications  of  the  simple  R&D  decision  model  described  in 
equations  (1)  ...  (6)  or  the  U.S.  pattern  are  any  guidance,  R&D  expenditures  will 
increase  with  sales  initially  at  an  increasing  rate  and  ultimately  at  a  decreasing 
rate  ^3"^  0)  after-tax  profits  and  depreciation  changes 

(^4,  ^2^0)  (Kamien  &  Schwartz,  1975).  Finally,  for  reasons  discussed  in  Howe 
and  McFetridge  (1976),  the  effect  of  firm  size  and  cash  flow  on  R&D,  hence  the 
dj,  will  differ  from  industry  to  industry  and  between  foreign  and  domestically 
owned  firms. 

The  data  used  to  estimate  this  model  are  described  in  the  Appendix.  Esti¬ 
mation  problems  are  discussed  in  detail  in  Howe  and  McFetridge.  Estimates  of 
the  model  are  reported  in  Table  6.  As  expected  the  dj  differ  from  industry  to 
industry  (a  different  set  is  reported  for  each  of  the  electrical,  chemical,  and 
machinery  industries)  and  between  ownership  classes.  Of  principal  relevance 
here,  however,  are  the  which  are  summarized  in  Table  7. 

In  the  case  of  both  the  machinery  and  chemical  industries,  at  conventional 
significance  levels,  one  cannot  reject  the  null  hypothesis  that  is  zero,"^  that  is, 
recipients  of  subsidies  do  not  change  their  overall  R&D  budgets.  The  value  of 
resources  allocated  by  society  to  R&D  rise  by  the  amount  of  the  subsidy  and  no 
more.  Insofar  as  R&D  spending  is  concerned,  the  government  could  have 
achieved  the  same  result  by  awarding  a  development  contract  or  by  conducting 
the  R&D  itself. 

In  the  electrical  industry  both  foreign  and  domestically  owned  firms  which 
received  subsidies  spent  more  on  R&D  than  they  would  ordinarily  have  spent. 
Domestically  owned  firms  increased  their  spending  by  more  than  the  amount  of 


4  In  the  chemical  industry,  the  critical  ?-value  is  1.984,  while  the  actual  t  value  is  1.97. 
is,  therefore,  different  from  zero  at  the  5.1%  significance  level. 
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TABLE  6 

Equation  (1)  by  industry 


1  Electrical  industry 

R  -  108.63  Dl  +  301.92  D2  +  .019  DIS  -  .017  D2S 
(4.98)  (4.70)  (4.37)  (2.82) 

-  .108(10"^)  DIS^  +  .277(10"^)  D2S^  +  .313(10"12)  £>1^3 

(2.26)  (4.18)  (3.07) 

-  .343(10"!^)  -  .082/4  -  .017  DIP  +  .429  D2P 

(3.21)  (1.16)  (.43)  (5.01) 

+  .538  DIG  +  1.31  D2G 
(2.77)  (9.03) 

=  .78  /V-104  F(12,91)  =  31.3 


2  Chemical  industry 

R  =  90.88  +  .00185  +  .089(10"^)  DIS^  +  1.27(10“6)  D2S^ 

(3.45)  (.45)  (1.35)  (10.66) 

-  .146(10"12)  £>1^3  _  7.65(10"12)  D2S^  -  .015/4  +  .009  DIP 

(.58)  (11.06)  (.65)  (.41) 

+  .104  D2P  +  .862  G 
(3.31)  (1.97) 

.76  7V=103  F(9,93)  =  37.7 

3  Machinery  industry 

R  =  139.51  +  .0045  +  .018(10~6)52  -  .062(10"12)53  +  .249/4 
(5.10)  (.84)  (.22)  (.23)  (2.47) 

-  .062P  +  .51G 
(1.22)  (.88) 

R^=  .29  N  =  49  F(6,42)  =  4.28 


NOTE:  Variables  as  defined  in  text.  Z)1  =  1  if  /th  firm  foreign  owned,  zero  otherwise. 
D2  =  1  —  Dl.  Tratios  in  brackets. 


the  subsidy  they  received.  This  implies  that  the  subsidies  had  the  effect  of  making 
other,  non-subsidized  projects  profitable.  Foreign  owned  firms  increased  spend¬ 
ing  but  by  less  than  the  amount  of  the  subsidy  they  received.  This  implies  that  at 
least  some  resources  were  transferred  from  other  projects  to  meet  the  require¬ 
ments  of  subsidized  projects.  In  both  cases,  however,  the  value  of  resources  allo¬ 
cated  by  society  to  R&D  increases  by  more  than  the  amount  of  the  subsidy.  The 
private  sector  has  been  induced  to  increase  its  R&D  spending.  Neither  a  develop¬ 
ment  contract  nor  in-house  government  R&D  can  achieve  this  result. 
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TABLE  7 


Response  to  subsidies 


Type  of  firm 

"6 

Electrical,  domestically  owned 

1.31* 

Electrical,  foreign  owned 

.54* 

Chemical 

.86** 

Machinery 

.51 

*  Denotes  significantly  different  from  zero  at  1%  level. 
**  Denotes  significantly  different  from  zero  at  10%  level. 


The  subsidy  system  has  not  resulted  in  a  simple  replacement  of  private  by 
publicly  controlled  resources  in  the  R&D  field.  On  the  other  hand  its  success  in 
inducing  the  private  sector  to  increase  its  commitment  to  R&D  has  been  limited 
to  the  electrical  products  industries.  Even  this  limited  success  may  have  more  to 
do  with  both  the  defence  orientation  and  the  thoroughgoing  public  participation 
in  both  the  R&D  projects  and  their  subsequent  exploitation,  which  is  prevalent  in 
this  industrial  sector.  This  is  a  matter  for  further  study. 

3.4  RATES  OF  RETURN  TO  R&D 

The  previous  two  sections  contained  an  investigation  of  the  characteristics  of 
subsidy  recipients  and  of  the  extent  to  which  the  latter  are  induced  by  the 
subsidy  to  increase  their  own  R&D  expenditures.  This  section  contains  an  exami¬ 
nation  of  the  methods  by  which  both  social  and  private  rates  of  return  to  R&D 
can  be  calculated  and  an  assessment  of  the  limited  evidence  available  on  rates  of 
return  to  R&D  in  Canada. 

In  this  study  a  prominent  role  has  been  assigned  to  the  rate  of  return  to  R&D. 
In  Section  1.2,  it  is  assumed  that  private  rates  of  return  provide  the  signals  which 
guide  the  allocation  of  resources  within  the  firm.  In  Chapter  2,  it  is  advocated 
that  social  rates  of  return  be  used  to  guide  governmental  resource  allocation 
decisions  in  general  and  subsidization  decisions  in  particular.  One  is,  there¬ 
fore,  obliged  both  to  indicate  how  such  rates  of  return  might  be  calculated  and 
to  provide  some  evidence  on  the  return  to  resources  devoted  to  R&D  in  Canada. 
If  the  latter  is  not  at  least  as  great  as  that  which  can  be  earned  in  alternative 
applications,  there  is  no  need  to  encourage  R&D. 

There  are  a  number  of  methods  by  which  the  ex  ante  rate  of  return  to  R&D 
may  be  calculated.  They  can  be  calculated  on  a  project  basis  and  adjusted  to  a 
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social  rate  of  return  using  familiar  benefit  :  cost  techniques.  The  literature  on 
the  application  of  the  techniques  of  project  evaluation  to  the  choice  of  R&D 
projects  is  surveyed  by  Clarke  (1974).  The  effectiveness  of  these  techniques  in 
this  particular  application  is  investigated  by  Mansfield  and  Brandenburg  (1966) 
and  Mansfield  et  al.  (1971).  This  literature  indicates  that,  although  there  are 
many  difficulties,  ex  ante  rates  of  return  to  R&D  can  serve  as  a  basis  for  discrimi¬ 
nating  among  alternative  uses  of  the  resources  of  a  firm.  The  concept  of  the 
profit  maximizing  level  of  R&D,  of  which  extensive  use  was  made  in  earlier 
chapters,  has  an  operational  foundation.  It  is  more  than  a  ‘convenient  fiction.’ 

If  the  debate  regarding  the  amount  of  resources  which  it  is  in  this  country’s 
interest  to  devote  to  R&D  is  to  be  resolved,  some  information  on  ex  post  social 
rates  of  return  to  R&D  is  required.  Some  information  of  a  qualitative  nature  is 
provided  in  a  recent  study  by  Charles  and  Mackay  (1975).  The  latter  examine 
the  R&D  programs  of  eighteen  firms  operating  in  Ontario  and  are  able  to  identify 
sixty  technical  innovations  resulting  from  these  programs.  Of  these,  twenty-nine 
were  described  by  the  companies  involved  as  having  been  ‘profitable.’  Since 
thirteen  of  the  companies  examined  received  R&D  subsidies  under  either  the 
PAIT  or  the  IRAP  program,  we  cannot  infer  that  innovations  which  were  profit¬ 
able  to  the  firm  involved  necessarily  earned  the  requisite  social  rate  of  return. 
Similarly,  the  thirty-one  innovations  judged  ‘unprofitable’  by  the  firms  involved 
may  have  earned  the  requisite  social  rate  of  return  or  have  had  the  potential  of 
doing  so.  In  this  case  the  subsidies  involved  may  have  been  insufficient. 

Charles  and  Mackay  (1975,  55)  also  report  that,  of  the  eighteen  R&D  opera¬ 
tions  examined,  twelve  resulted  in  innovations  ‘which  had  very  marked  effects 
on  the  fortunes  of  the  companies  involved  in  terms  of  sales,  profits  and  jobs’. 
Increases  in  ‘sales’  and  ‘jobs’  do  not,  of  course,  indicate  that  resources  allocated 
to  R&D  have  earned  their  opportunity  cost.  Such  an  inference  would  be  war¬ 
ranted  if  the  present  value  of  the  incremental  profits  resulting  from  these  innova¬ 
tions  exceeded  the  opportunity  cost  of  the  resources  required  to  make  them.  A 
closer  examination  of  the  profit  effects  of  the  innovations  cited  in  this  study  is 
clearly  desirable. 

Mansfield  (1965)  has  attempted  to  estimate  the  rate  of  return  to  R&D  expen¬ 
ditures  at  the  firm  level  without  a  detailed  case  study  of  each  R&D  project.  On 
the  assumption  that  R&D  generates  factor  augmenting  technical  change  and  that 
the  production  function  is  Cobb-Douglas,  Mansfield  is  able  to  estimate  rates  of 
return  to  R&D  for  five  U.S.  chemical  firms  and  five  U.S.  petroleum  firms.  Depend¬ 
ing  on  the  rate  at  which  new  knowledge  is  assumed  to  decay,  Mansfield  obtains 
estimates  of  the  rate  of  return  to  R&D  between  one  and  seventeen  per  cent  for 
the  five  chemical  firms  and  between  eleven  and  ninety-six  per  cent  for  the  five 
petroleum  firms.  Although  this  model  is  applicable  only  to  firms  conducting 
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research  into  possible  process  (as  opposed  to  product)  innovations  and  employs 
a  highly  simplistic  model  of  production,  it  is  a  good  example  of  the  types  of 
insights  which  can  be  gained  by  employing  limited  (and  public)  information. 

Other  investigators  have  responded  to  the  absence  of  case  studies  upon  which 
to  base  estimates  of  rates  of  return  to  R&D  at  the  firm  or  project  level  by 
estimating  average  rates  of  return  using  cross-sections  of  firm  level  data 
(Mansfield,  1965;  Branch,  1974;  Minasian,  1969),  geographic  cross-sections 
(Griliches,  1964)  and  industry  cross-sections  (Mansfield,  1968;  Lithwick,  1969; 
Globerman,  1972). 

Both  the  Lithwick  and  the  Globerman  studies  sought  to  explain  interindustry 
differences  in  the  rate  of  growth  of  total  factor  productivity  by  interindustry 
differences  in  R&D  expenditures.  Both  authors  assumed,  in  effect,  a  Cobb- 
Douglas  technology  such  that 

Q=AK°-L^Ry  (I) 

and 

dQ  ^  a  dK  +  (5  dL  +  y  dR  ,  (2) 

~Q  17  ~1r 

dQ  _  a  dK  _  ^  dL  ^  y  dR  ,  (3) 

Q  T  IT 

where  Q  =  value  added  output  of  the  ith  industry  during  year  t, 

K  =  capital  stock  of  the  zth  industry  during  year  t, 

L  =  labour  force  of  the  ith  industry  during  year  t, 

R  =  stock  of  R&D  capital  of  the  /th  industry  during  year  t. 

Lithwick  used  exogenous  estimates  of  a  and  p  to  calculate  the  left-hand  side 
of  (3),  which  is  defined  as  the  rate  of  growth  of  total  factor  productivity  or 
d  {  Ql{aK  +  ^L)  I  /  ^Ql(aK  +|3L)|  for  each  industry.  He  then  calculated  the 
coefficient  of  rank  correlation  between  these  values  and  industry  R&D  expendi¬ 
ture  :  sales  ratios.  He  could  not  reject  the  null  hypothesis  that  the  coefficient  of 
rank  correlation  was  zero. 

Globerman  chose  to  estimate  (2)  directly  and  infer  the  marginal  product  of 
R&D  (capital)  from  his  estimate  of  y.  Instead  of  dR/R,  the  rate  of  change  in  the 
stock  of  knowledge  (R&D  capital),  he  used  the  industry  R&D  expenditure  :  sales 
ratio.  With  the  model  so  specified  Globerman  found  that  he  could  reject  the  null 
hypothesis  that  y  equals  zero  in  favour  of  the  alternative  that  y  is  negative.  His 
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estimate  of  the  marginal  product  of  and  thus  the  rate  of  return  to  R&D  is 
negative  (Globerman,  1972,  186)^ 

These  studies  serve  principally  to  illustrate  the  problems  that  will  be  en¬ 
countered  by  anyone  attempting  to  measure  cross-sectional  average  rates  of 
return  to  R&D.  The  model  employed  by  these  investigators  will  not  reflect  the 
effect  of  R&D  which  results  in  product  rather  than  process  innovations.  Even  if 
attention  is  confined  to  process  innovations,  the  effect  of  R&D  in  industry  i  may 
be  to  increase  factor  productivity  in  industry  /.  As  a  result,  positive  social  rates 
of  return  to  R&D  are  quite  compatible  with  estimates  of  7  which  do  not  differ 
significantly  from  zero. 

Neither  of  these  investigators  is  able  to  employ  an  appropriate  measure  of  the 
stock  of  R&D  capital.  Deflating  annual  R&D  expenditures  by  sales  is  clearly 
inappropriate.  To  obtain  a  measure  of  the  stock  of  R&D  capital  one  must  take 
into  account  both  current  and  past  R&D  expenditures  and  make  an  assumption 
about  their  decay  rate.  Neither  current  nor  annual  average  R&D  expenditures 
have  this  effect. 

Given  their  operational  and  conceptual  limitations,  these  models  would,  at 
best,  provide  only  weak  evidence  regarding  the  rate  of  return  to  R&D.  The  fact 
remains,  however,  that  economists  have  yet  to  produce  any  statistical  evidence 
that  the  rate  of  return  to  industrial  R&D  in  Canada  is  not  zero.  The  absence  of 
such  evidence  is  all  the  more  bothersome  in  the  light  of  the  high  positive  rates  of 
return  inferred  by  U.S.  investigators  from  similar  models. 

Minasian  (1969),  for  example,  has  applied  a  model  similar  to  (1)  to  a  cross- 
section  of  seventeen  U.S.  chemical  firms  observed  over  the  period  1948-57.  He 
estimated  the  gross  rate  of  return  to  R&D  at  54  per  cent.^  Griliches  (1964),  also 
using  a  model  similar  to  (1),  found  that  the  gross  rate  of  return  to  the  research 
and  extension  expenditures  of  a  cross-section  of  state  agricultural  experiment 
stations  observed  during  the  years  1949,  1954,  and  1959  was  of  the  order  of  300 
per  cent. 

Other  investigators  have  stopped  short  of  estimating  the  rate  of  return  to  R&D 
but  have,  nevertheless,  found  a  relationship  between  R&D  expenditures  and  some 


5  Results  obtained  after  this  by  dropping  the  rate  of  change  of  the  capital  stock  (192) 
are  meaningless. 

6  The  net  rate  of  return  after  allowing  for  depreciation  of  the  stock  of  knowledge  is 
obtained  by  deducting  the  assumed  decay  rate,  5,  from  54  per  cent.  The  net  rate  of 
return  is  negative  for  6  >  .54.  A  reader  of  the  Minasian  study  should  be  aware  that 
Minasian  can  not  have  obtained  the  estimates  he  reports  by  the  method  he  describes.  The 
use  of  ‘  ...  a  general  constant  and  seventeen  specific  constants  —  one  for  each  firm  ...’ 

(81)  when  the  cross-section  is  composed  of  seventeen  firms  will  cause  the  matrix  of  the 
independent  variables  to  be  singular. 
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measure  of  inventive  output.  Comanor  (1965)  found  a  positive  relationship  be¬ 
tween  the  R&D  expenditures  and  the  subsequent  new  drug  sales  of  U.S.  pharma¬ 
ceuticals  firms.  Scherer  (1965)  found  a  positive  relationship  between  the  R&D 
expenditures  and  the  subsequent  patenting  activity  of  448  of  the  500  largest  U.S. 
industrial  companies.  Mansfield  (1968)  found  a  positive  relationship  between 
U.S.  expenditures  and  the  number  of  innovations  subsequently  carried  out 
among  firms  in  the  American  steel,  chemical,  and  petroleum  industries. 

Each  of  these  investigators  was  able  to  infer  the  existence  of  an  input-output 
relationship  for  scientific  research.  Their  studies  did  not  support  inferences 
regarding  ex  post  rates  of  return  to  R&D.  Their  approach  is  adopted,  of  neces¬ 
sity,  in  this  study.  It  proved  possible  to  infer,  within  a  Canadian  context,  a 
relationship  between  R&D  expenditures  and  subsequent  patenting  activity.  A 
discussion  of  the  model  employed  in  this  endeavour  appears  below.  Attempts  to 
estimate  ex  post  rates  of  return  were  plagued  by  estimation  problems  arising 
principally  from  the  limited  information  provided  by  the  sample  and  were 
abandoned.”^ 

The  establishment  of  a  relationship  between  R&D  expenditures  and  a  measure 
of  inventive  output  is,  it  must  be  admitted,  only  a  beginning.  It  supports  the 
inference  that  the  allocation  of  resources  to  R&D  has  some  measurable  effect, 
that  it  will  result  in  an  increase  in  the  stock  of  inventions.  More  specifically,  it 
would  allow  the  rejection  of  the  allegation  that  the  R&D  expenditures  reported 
by  firms  operating  in  Canada  are,  at  best,  for  product  testing  and  quality  control 
and  are  not  intended  to  result  in  new  products  or  processes.  It  does  not  support 
a  test  of  the  hypothesis  that  the  resources  allocated  to  R&D  were  wasted. 

The  number  of  patents  obtained  per  year  is  employed  in  this  study  as  an 
index  of  the  inventive  output  of  the  firm.  As  a  number  of  investigators  have 
observed,  the  number  of  patents  obtained  by  a  firm  is  a  highly  imperfect  mea¬ 
sure  of  its  inventive  output  (see  Comanor  &  Scherer,  1969;  Mueller,  1966).  Since 
some  innovations  may  be  either  ineligible  for  patent  protection  or  kept  secret, 
the  number  of  inventions  produced  by  a  firm  may  exceed  the  number  of  patents 
it  obtains.  Alternatively,  one  invention  may  be  surrounded  by  a  number  of 
‘defensive’  patents  and  a  firm’s  patenting  activity  overstates  the  number  of  in¬ 
ventions  actually  produced.  If  the  number  of  patents  obtained  is  to  reflect  the 
number  of  inventions  produced  (or  innovations  made),  one  must  recognize  and 
remove  both  interindustry  and  interfirm  differences  in  the  propensity  to  patent. 
Scherer  (1965)  eliminates  the  influence  of  interindustry  differences  in  the  pro¬ 
pensity  to  patent,  in  effect,  by  analysing  patenting  activity  on  an  industry  basis. 


7  A  description  of  the  model  employed  in  the  attempt  to  estimate  ex  post  rates  of  return 
can  be  found  in  an  earlier  version  of  this  study  and  is  also  available  from  the  author. 
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He  then  assumes  that  remaining  interfirm  differences  in  the  propensity  to  patent 
are  random.  The  same  procedure  is  adopted  in  this  investigation. 

Elimination  of  the  effect  of  differences  in  the  propensity  to  patent  yields  an 
index  which  reflects  interfirm  differences  in  the  volume,  not  the  value,  of  inven¬ 
tive  output.  Although  there  are  conditions  under  which  the  value  (net  social 
benefit)  of  inventive  output  is  proportional  to  the  number  of  patents  obtained, 
the  likelihood  that  these  conditions  will  prevail  is  low  and  any  inferences  made 
would  be  highly  qualified.^  Inferences  made  here  are,  therefore,  confined  to 
those  regarding  the  existence  of  a  relationship  between  R&D  and  the  volume  of 
innovative  activity. 

A  simple  relationship  between  the  value  of  past  R&D  inputs  and  inventive 
output  could  be  written  as 

^it  ~  -  j  -  k 

where 

and 

^^k  =  1. 

all  k 

Current  patenting  activity  is  a  function  of  past  R&D  activity.  It  is  not,  how¬ 
ever,  a  homogeneous  function.  It  seems  reasonable  to  include  a  constant  term  in 


8  Scherer  (1965)  suggests  that,  if  the  present  value  of  the  net  benefit  associated  with  a 
given  patent  is  a  random  variable,  B,  with  expectation  E  {B)  =  B*,  and  one  regresses 
patents,/*,  on  R&D  expenditures,  R,  so  that  the  population  regression  model  is 

E{P)  =fiR). 

then,  given  the  property  of  the  sample  regression  line  that/l-^  =  E(P\R),  the  expected 
net  benefit  associated  with  a  given  level  of  R&D  spending  is 

E{B-P\R)  =  E  (B)  E{P\R)  =  B*P. 

The  social  net  benefit  is  proportional  to  the  number  of  patents  obtained.  This  result 
obtains  only  if  the  net  benefit  per  patent,  B,  and  the  number  of  patents  obtained,  /,  are 
independent.  There  is  no  reason  to  believe  that  this  will  be  the  case.  Moreover,  as 
Scherer  notes  (1098),  there  is  evidence  that  random  variable  B  is  distributed  according 
to  the  Pareto  distribution.  In  this  case  a  finite  B*  does  not  exist. 


=  patents  obtained  by  the  /th  firm  during  period  t, 

=  R&D  expenditures  of  the  zth  firm  during  year  t  -  j  -  k, 
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the  model  and  thus  allow  for  a  situation  in  which  inventions  occur  and  patents 
are  obtained  without  any  formal  R&D  effort. 

If  the  propensity  to  patent  varies  from  industry  to  industry,  both  and 
in  equation  (4)  will  vary  from  industry  to  industry.  The  practice  of  allowing  all 
the  coefficients  in  the  model  to  differ  from  industry  to  industry  is  equivalent  to 
estimating  the  model  for  each  industry  under  investigation.  For  this  reason 
equation  (4)  and  its  variants  are  estimated  for  each  of  the  two  digit  SIC.  indus¬ 
tries  under  investigation.  These  are,  as  before,  the  electrical,  chemical,  and 
machinery  industries. 

From  a  random  sample  of  patents  granted  during  the  period  under  investiga¬ 
tion  it  was  determined  that,  on  average,  three  years  elapsed  between  the  date  on 
which  an  application  for  a  patent  is  filed  and  the  date  on  which  it  is  granted. 
Thus,  a  patent  obtained  during  period  t  is  the  result  of  R&D  done  during  or 
before  period  t  -  3.  The  lag  distribution  on  R&D  should  therefore  begin  at  period 
t  -  3  (/■  =  3  in  equation  (4)). 

A  large  proportion  of  the  patents  obtained  by  firms  operating  in  Canada  are 
the  result  of  the  secondment  to  those  firms  of  the  Canadian  rights  to  discoveries 
made  by  foreign  affiliates.  Since  there  is  no  reason  for  the  number  of  such 
patents  to  bear  a  functional  relationship  to  the  R&D  expenditures  of  the  firms 
under  investigation,  they  are  excluded  from  the  analysis.  The  dependent  variable 
in  equation  is,  therefore,  the  number  of  patents  for  which  there  is  either 

a  Canadian  resident  inventor  listed  or,  if  the  inventor  resides  abroad,  Canada  is 
the  first  nation  in  which  patent  protection  has  been  sought,  granted  annually  to 
the  zth  firm. 

The  process  which  generates  the  variation,  both  among  firms  and  over  time, 
in  the  number  of  patents  obtained  is  likely  to  be  more  complex  than  that 
implied  by  equation  (4).  If  R&D  personnel  are  viewed  as  working  with  a  stock  of 
knowledge  that  is  fixed  over  a  given  period  of  time  (a  year  in  this  case),  the  law 
of  variable  proportions  will  apply  to  the  relationship  between  R&D  expenditures 
and  patents  obtained.  The  marginal  product  of  R&D  will  be  an  increasing  func¬ 
tion  of  R&D  expenditures  for  low  values  of  the  latter  and  a  decreasing  function 
of  R&D  expenditures  for  higher  values  of  the  latter.  This  implies  that  (4)  be 
modified  to  allow  for  a  non-linear  relationship  between  R&D  expenditures  and 
patents  obtained. 

A  second  modification  of  (4)  will  be  required  if  the  number  of  patents 
resulting  from  a  given  level  of  R&D  expenditures  increases  or  decreases  with  the 
size  of  the  firm  within  which  the  R&D  is  conducted.  If  larger  firms  are  charac¬ 
terized  by  a  greater  degree  of  separation  of  those  doing  R&D  from  those  making 
decisions  regarding  its  application,  the  cost  of  transmitting  information  regarding 
research  needs  down  to  the  researchers  and  the  cost  of  tramsmitting  information 
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regarding  research  capabilities  up  to  decision-makers  will  be  higher.^  The  cost  of 
forcing  researchers  to  pursue  the  goals  of  the  firm  rather  than  their  own  will  also 
be  greater.  The  effect  of  this  is,  in  the  simplest  terms,  that  decision-makers  will 
use  proportionately  less  of  the  output  of  their  researchers,  researchers  will 
pursue  proportionately  fewer  of  management’s  objectives  and  more  of  their 
own,  and  a  given  level  of  R&D  spending  results  in  fewer  inventions  which  are 
patentable  by  the  firm.^^  In  this  case,  firm  size  (as  reflected  by  its  sales,  S) 
should  appear  as  an  independent  variable  with  a  negative  coefficient  in  equation 

(4)- 

If,  on  the  other  hand,  the  larger  firm  conducts  a  wider  range  of  activities  (is 
more  diversified),  the  cost  to  it  of  discovering  a  profitable  application  of  the 
results  of  any  given  R&D  project  may  be  lower.  The  diversified  firm  may  also 
have  a  higher  probability  of  finding  a  profitable  internal  use  for  the  results  of  a 
given  R&D  project.  Given  the  transactions  costs  associated  with  the  sale  to  other 
firms  of  the  rights  to  a  new  invention,  the  profitability  of  a  new  invention  may 
increase  with  the  degree  to  which  it  can  be  used  internally.  In  this  case  the 
profitability  and  thus  the  incentive  to  continue  a  project  until  it  results  in 
patentable  inventions  may  be  greater,  the  larger  the  firm.  Firm  size  as  reflected 
by  sales  should  then  appear  as  an  independent  variable  with  a  positive  coefficient 
in  equation  (4). 

A  change  in  firm  size  may  affect  either  or  both  of  the  marginal  and  the 
average  product  of  R&D.  If  it  affects  only  the  average  product  of  R&D 


ap 

r.  ^  0 

dS 

R 

the  number  of  patents  resulting  from  a  given  level  of  R&D  spending  will  change 
with  firm  size.  This  phenomenon  will  be  of  interest  to  persons,  such  as  anti¬ 
combines  authorities,  wishing  to  know  whether  the  merger  of  two  firms  would 
enable  them  to  make  better  use  of  a  given  R&D  outlay.  If  firm  size  acts  on  the 
marginal  product  of  R&D 


dRdS 


i-  0 


9 


9  See  Williamson  (1967)  for  a  discussion  of  the  limits  to  the  size  of  a  hierarchical 
organization. 

10  It  may  result  in  more  inventions  patentable  by  individual  researchers  or  a  flow  of  research 
people,  accompanied  by  their  inventions,  to  other  firms. 
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the  change  in  the  number  of  patents  resulting  from  a  given  change  in  R&D 
expenditures  will  itself  depend  on  the  size  of  the  firm  involved.  This  will  be  of 
interest  to  those  such  as  administrators  of  R&D  subsidies  wishing  to  know  the 
class  of  firms  in  which  an  R&D  subsidy  of  a  given  value  will  result  in  the  greatest 
increase  in  inventive  output. The  modification  of  equation  (4)  must  be  such  as 
to  allow  for  the  effect  of  firm  size  on  both  the  average  and  marginal  product  of 
R&D.  This  can  be  done  by  entering  firm  size  both  additively  and  multiplicatively 
with  R&D  expenditures  on  the  right-hand  side  of  (4). 

For  any  given  level  of  R&D  expenditures  and  any  given  firm  size,  inventive 
output  may  differ  between  foreign  and  domestically  owned  firms.  The  inventive 
output  which  a  foreign  owned  firm  obtains  from  a  given  level  of  R&D  expendi¬ 
tures  will  exceed  that  of  a  domestically  owned  firm  if  the  former  can  acquire 
access  at  nominal  cost  to  the  technical  expertise  of  foreign  affiliates.  On  the 
other  hand,  it  has  been  alleged  that  the  R&D  operations  of  foreign  owned  firms 
are  principally  engaged  in  product  testing  and  in  cataloguing  the  technical  devel¬ 
opments  which  occur  elsewhere.  The  type  of  research  which  would  produce 
patentable  inventions  is  left  to  the  parent.  In  this  case  the  inventive  output 
yielded  by  a  given  level  of  R&D  expenditures  will  be  smaller  for  a  foreign  owned 
firm  than  for  a  domestically  owned  firm. 

Incorporation  of  the  modifications  suggested  above  into  equation  (4)  yields 

Pit  =  +  k,(S* it)  (R* j,) 

+  +  Hit,  (5) 

where 

P*it  ='Z,'^kPit^  j- k’ 
all  k 

^*it  "  23  -  /  -  /  ’ 

all  / 

Ff  =  one  if  the  /th  firm  is  foreign  owned,  zero  otherwise, 

=  sales  of  the  /th  firm  during  year  t. 

The  marginal  product  of  R&D  is 


11  This  assumes  that  the  response  to  subsidization, in  equation  (7),  Section  3.4,  is  the 
same  across  size  classes. 
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(6) 


It  increases  (decreases)  with  R&D  expenditures  if  /C7  exceeds  (is  less  than)  zero.  It 
increases  (decreases)  as  firm  size  increases  if  exceeds  (is  less  than)  zero. 

The  average  product  of  R&D  is 


F; 


(7) 


F*. 


It 


It  increases  (decreases)  as  firm  size  increases  if  the  expression 
exceeds  (is  less  than)  zero.  It  is  higher  (lower)  for  foreign  owned  firms  if  k^ 
exceeds  (is  less  than)  zero.  It  is  an  increasing  (decreasing)  function  of  the  value 
of  R&D  expenditures  if  the  expression  k-)  -  [(/cq  +  k^  -  k^Si^*)IR*if)^]QxcQQdiS, 
(is  less  than)  zero. 

Equation  (5)  is  estimated  for  each  of  the  electrical,  chemical,  and  machinery- 
industries  (major  groups),  using  a  sample  of  eighty-one  firms  observed  over  the 
years  1967-71.  The  characteristics  of  the  sample  are  described  in  the 
Appendix. 

As  was  indicated  earlier  in  this  section,  the  practice  of  estimating  the  model 
for  each  major  group  allows  for  interindustry  differences  in  both  the  average  and 
marginal  propensity  to  patent.  The  intercept  term,  k^,  is  also  allowed  to  vary 
both  from  year  to  year  and  across  three  digit  SIC  industries.  Since  all  other 
coefficients  are  constrained  to  be  the  same  from  year  to  year  and  for  each  three 
digit  industry  within  a  major  group,  this  is  equivalent  to  allowing  for  variation  in 
the  average  but  not  in  the  marginal  propensity  to  patent  over  time  and  over 
three  digit  industries  within  each  major  group.  Any  remaining  differences  in  the 
propensity  to  patent  are  assumed  to  be  random. 

On  occasion,  the  term  in  equation  (5)  is  either  replaced  by  or  used  in 
conjunction  with  (6';Y*)7  in  order  to  allow  for  a  non-linear  relationship  between 
inventive  output  and  firm  size. 

The  lag  distributions  upon  which  R^f'  and  are  based  were  chosen  so  as  to 
minimize  the  standard  error  of  estimate  of  the  equation  in  which  they  appeared. 
The  lag  distributions  chosen  are: 


.33^3  +  -335, -,-4  +  .33  Vs- 


12  The  number  of  patents  obtained  by  each  of  the  sample  firms  during  the  period  1970-74 
were  taken  from  the  Patent  Office  Record,  volumes  98-102. 


Estimates  of  equation  (11) 
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TABLE  9 

Marginal  product  of  R&D  expenditures 

1  Electrical 

dP  =  .19(10-“)  -  .49(10-^)5* 

2  Chemical 

dP  =  .89(10-^)  +  .146(10-^)^* 

Jr 

3  Machinery 

dP  =  .56(10-2)  -  .47(10-2)^* 

Jr 

SOURCE;  Table  8. 


Estimates  of  equation  (5)  are  reported  in  Table  8.  Estimates  of  the  marginal 
product  of  R&D  and  of  the  effect  of  firm  size  on  the  average  product  of  R&D 
appear  in  Tables  9  and  10  respectively. 

Inspection  of  Tables  8  and  10  reveals  that,  other  things  being  equal,  an 
increase  in  R&D  expenditures  results  in  a  subsequent  increase  in  patenting  activ¬ 
ity  in  each  of  the  three  major  groups  investigated.  In  each  case  the  effect  of  a 
given  increase  in  R&D  spending  on  subsequent  patenting  activity  depends  on  the 
size  of  the  firm  but  not  on  the  level  of  R&D  spending  itself.  To  be  more 
specific,  the  marginal  product  of  R&D  is  positive  and  an  increasing  function  of 
firm  size  in  the  case  of  the  chemical  industry.  It  is  initially  positive  and  a 
decreasing  function  of  firm  size  in  the  case  of  the  electrical  and  machinery 
industries.  In  the  former,  the  marginal  product  of  R&D  is  zero  for  firms  with 
annual  sales  in  excess  of  four  hundred  million  1969  dollars.  This  does  not  imply 
that  these  firms  have  no  inventive  output.  It  implies  that  additions  to  the  R&D 
budgets  of  firms  in  this  industry  and  size  class  would  not,  other  things  being 
equal,  result  in  additional  patents. 


13  The  coefficients  of  never  differed  significantly  from  zero  and  this  variable  has 

been  dropped  from  the  equations  reported.  Estimates  of  equations  including  {R  are 
available  from  the  author. 

14  Although  the  relationship  between  the  marginal  product  of  R&D  and  firm  size  is  statisti¬ 
cally  significant,  the  calculations  of  elasticities  of  patenting  activity  with  respect  to  firm 
size  reveal  that  it  is  not  important  quantitatively.  In  the  electrical  industry,  for  example. 
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TABLE  10 

Effect  of  firm  size  on  the  average  product  of  R&D 


1  Electrical 

a  P  =  .48(10-^)  -  .21  -  .49(10"^) 

bS  R  R*  R* 

2  Chemical 

d  P  -.18  +  .15(10-^) 

dS  R  R* 

3  Machinery 

a  P  =  .77(10'4)  _  .47(10-^) 

R  ^ 

SOURCE:  Table  8. 


The  R&D  cost  of  an  additional  patent  is  simply  the  inverse  of  the  marginal 
product  of  R&D.  The  former  is  therefore  a  decreasing  function  of  firm  size  in 
one  case,  the  chemical  industry  and  an  increasing  function  of  firm  size  in  the 
case  of  the  electrical  and  machinery  industries.  For  a  firm  with  annual  sales  of 
ten  million  dollars  the  marginal  cost  of  a  patent  of  541  thousand  dollars,  962 
thousand  dollars  and  182  thousand  dollars  in  the  electrical,  chemical,  and 
machinery  industries  respectively. 

The  determinants  of  the  level  of  patenting  activity  for  any  given  level  of  R&D 
spending,  that  is,  the  average  product  of  R&D,  can  be  inferred  from  Tables  8  and 
10.  In  one  case,  that  of  the  electrical  industry,  foreign  owned  firms  obtain  fewer 
patents  for  any  given  level  of  R&D  spending  than  do  domestically  owned  firms. 
In  the  other  two  industries  the  average  product  of  R&D  is  not  affected  by 
ownership. 

In  no  case  is  there  an  unrestricted  positive  relationship  between  firm  size  and 
the  average  product  of  R&D.  In  the  machinery  industry  the  positive  relationship 


an  increase  in  annual  sales  trom  one  to  two  hundred  million  dollars  reduces  the  marginal 
product  of  R&D  (in  patents  per  thousand  dollars  R&D)  by  .0005  patents  or  thirty-five 
per  cent.  The  implied  elasticity  of  patenting  activity  with  respect  to  firm  size  is  -.35. 

In  the  machinery  industry,  a  similar  increase  in  firm  size  results  in  a  decrease  of 
.0047  patents  per  year  per  thousand  dollars  R&D,  which  is  a  45  per  cent  increase  and 
implies  an  elasticity  of  .45. 
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between  firm  size  and  the  number  of  patents  which  result  from  a  given  R&D 
outlay  holds  for  R&D  outlays  of  less  than  $1.67  million.  For  larger  R&D  budgets 
the  relationship  is  negative.  In  the  chemical  industry,  an  increase  in  firm  size 
increases  the  average  product  of  R&D  for  any  R&D  budget  in  excess  of  1.2 
million  dollars.  In  the  electrical  industry,  the  average  product  of  R&D  increases 
with  firm  size  for  all  firms  with  annual  sales  in  excess  of  44  million  (1969) 
dollars.  These  findings  give  rise  to  the  conclusion  that,  subject  to  the  qualifica¬ 
tions  raised  above,  larger  firms  are  able  to  extract  more  in  terms  of  patented 
inventions,  from  a  given  R&D  outlay  than  are  small  firms. 

It  was  reported  above  that  the  marginal  product  of  R&D  does  not  depend  on 
the  level  of  R&D  spending.  If  patenting  activity  were  a  homogeneous  function  of 
R&D  expenditures,  this  would  also  imply  constant  returns  to  scale  in  the  R&D 
operation  itself.  Given  non-zero  intercept  terms  (not  reported)  and  annual  sales 
in  excess  of  zero,  however,  the  simple  patents-R&D  relationship  will  have  a 
positive  intercept.  In  this  case  the  average  product  of  R&D  approaches  the 
marginal  product  asymptotically  from  above.  The  mirror  image  of  this  is  the 
average  cost  per  patent  (i^*/P)  which  will  approach  marginal  cost  asymptotically 
from  below.  More  intuitively,  the  existence  of  a  positive  intercept  implies  that  a 
firm  will  obtain  some  patents  without  making  any  R&D  expenditures.  When  R&D 
expenditures  are  made,  additional  patents  are  obtained  but  the  average  number 
of  patents  per  dollar  R&D  spending  must  fall. 

These  findings,  while  highly  tentative,  are  nevertheless  gratifying  when  com¬ 
pared  with  the  results  reported  earlier  in  this  study.  A  link  between  R&D  expen¬ 
ditures  and  some  measure  of  inventive  output  has  been  established.  The  greater 
the  reported  R&D  expenditures,  the  greater  the  number  of  patents,  whether 
useful  or  not,  subsequently  obtained.  While  this  result  is  not  sufficient  to  sup¬ 
port  the  rejection  of  the  hypothesis  that  resources  allocated  to  R&D  are  wasted, 
it  is  a  step  in  that  direction.  As  such  it  is  distinctly  superior  to  a  finding  that 
there  is  a  zero  or  negative  correlation  between  reported  R&D  expenditures  and 
subsequent  patenting  activity.  A  finding  that  those  reporting  the  large  R&D 
expenditures  are  not  the  ones  making  patentable  inventions  and  vice  versa  would 
render  even  more  tenuous  the  grounds  for  public  subsidization  of  R&D. 

From  the  relationship  found  to  exist  between  firm  size  and  patenting  activity 
it  can  be  inferred,  first,  that,  in  the  case  of  the  chemical  industry,  a  given 
increase  in  R&D  spending  results  in  a  greater  number  of  patents,  the  larger  is  the 
firm  within  which  it  occurs.  The  reverse  is  true  of  both  the  electrical  and 
machinery  industries.  If  profits  were  proportional  to  the  number  of  patents 
obtained,  additional  R&D  expenditures  would  yield  more  in  terms  of  additional 
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profits  among  the  larger  firms  in  the  chemical  industry  and  among  the  smaller 
firms  in  the  electrical  and  machinery  industriesf^  Since  these  classes  of  firms  can 
obtain  a  given  additional  stream  of  benefits  at  a  lower  cost,  profit  maximization 
requires,  all  else  being  equal,  that  they  undertake  relatively  more  R&D.  The 
subsidy  necessary  to  induce  firms  of  either  class  to  make  R&D  expenditures  in 
excess  of  those  which  maximize  profit  is  the  same. 

Second,  increases  in  firm  size  will  increase  the  patenting  activity  associated 
with  a  given  R&D  budget  for  all  sizes  of  firms  in  the  chemical  and  machinery 
industries  and  for  all  firms  with  annual  sales  in  excess  of  44  million  1969  dollars 
in  the  electrical  industry. Mergers  among  firms  in  these  categories  could  be 
defended  on  the  grounds  that  they  increase  the  productivity  of  resources 
devoted  to  R&D. 

Finally,  in  the  case  of  the  electrical  industry,  a  link  between  ownership  and 
the  productivity  of  R&D  expenditures  has  been  established.  In  this  industry 
foreign  owned  firms  have  either  a  lower  propensity  to  patent  or  are  conducting 
an  R&D  operation  which  is  less  likely  to  yield  patentable  inventions  than  that  of 
a  domestically  owned  firm.  This  could  reflect  the  confinement  of  subsidiary 
R&D  activities  to  product  testing,  quality  control,  and  cataloguing  scientific 
developments  taking  place  elsewhere. 

The  investigation  of  the  relationship  between  the  patenting  activity  and  sub¬ 
sequent  profitability  of  firms  is  a  logical  next  step  for  this  study.  Explanatory 
efforts  in  this  direction  have  indicated  that  the  completion  of  this  next  step 
would  require  more  resources  than  have  been  made  available  to  conduct  this 
study.  It  must  therefore  be  left  as  a  topic  for  future  investigation. 

3.5  THE  EVALUATION  OF  THE  EXISTING  SUBSIDY  SYSTEM: 

SOME  CONCLUSIONS 

This  chapter  has  reported  the  results  of  three  complementary  approaches  to  the 
examination  of  the  effectiveness  of  subsidies  to  scientific  R&D  carried  out  in 
industry. 


15  Comanor  and  Scherer  (1969)  are  able  to  infer  the  gross  private  benefit  (new  sales) 
generated  by  a  patent  while  both  Branch  (1974)  and  Scherer  (1965)  can  make  inferences 
about  the  net  private  benefit  generated  by  an  additional  patent.  The  latter  found,  for 
example,  that  an  additional  patent  generated  additional  after-tax  profits  of  one  hundred 
and  forty-seven  thousand  dollars  per  year. 

16  Note,  however,  that  in  all  cases  there  are  restrictions  on  the  size  of  the  R&D  budget  for 
which  these  conclusions  will  hold. 
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The  first  approach  is  to  determine  the  characteristics  of  subsidy  recipients.  If 
the  latter  have  a  common  characteristic,  a  history  of  making  losses,  for  example, 
one  can  infer  that  the  subsidy  system  is  being  used  to  achieve  a  goal,  the  support 
of  failing  firms  in  this  case,  other  than  that  of  encouraging  R&D.  To  the  extent 
that  it  is  employed  to  alternative  ends  the  subsidy  system  is  less  effective  in  its 
primary  role,  that  of  encouraging  scientific  R&D. 

The  probability  of  receiving  a  subsidy  is  determined  principally  by  the 
industry  in  which  a  firm  is  operating  and,  to  a  lesser  extent,  by  the  size  of  the 
firm,  its  ownership,  and  its  location.  These  results  are  more  likely  to  reflect  the 
distribution  of  applicants  than  a  bias  in  the  subsidy  system  itself.  To  the  extent 
that  it  is  the  latter,  it  is  worthwhile  to  repeat  the  warning  that  any  discrimina¬ 
tion  or  restrictions  based  on  the  ownership  or  the  location  of  the  applicant  can 
only  reduce  the  return  to  the  R&D  involved  and  the  effectiveness  of  the  subsidy 
itself. 

The  second  approach  is  to  determine  whether  the  subsidies  have  actually 
increased  the  value  of  the  resources  allocated  by  society  to  R&D.  A  subsidy 
system  which  does  not  have  this  effect  is  clearly  without  justification.  It  was 
found  that  in  all  cases,  the  subsidy  system  had  the  effect  of  inducing  recipients 
to  increase  the  value  of  resources  devoted  to  R&D  by  at  least  the  amount  of  the 
subsidy.  To  this  extent  the  system  has  been  effective.  The  extent  to  which 
recipients  have  increased  the  value  of  their  own  resources  which  are  allocated  to 
R&D  in  response  to  subsidization  has,  however,  been  limited.  The  system  has 
not,  therefore,  effected  the  reallocation  expected  of  it. 

The  third  approach  is  to  determine  whether  R&D  expenditures  have  any 
tangible  results.  If  they  do  not  there  is  clearly  no  point  in  encouraging  them.  It 
was  found  that  the  larger  a  firm’s  reported  R&D  spending,  the  greater  is  the 
number  of  patents  subsequently  obtained.  A  link  is,  therefore,  established  from 
subsidies  to  R&D  to  patenting  activity.  Whether  these  patents  are  of  any  value  to 
society  is  a  question  which  remains  unresolved.  What  is  clear  is  that  subsidies  do 
increase  reported  R&D  spending  and  that  reported  R&D  spending  does  result  in 
inventions  of  some  kind  being  made. 


4 

General  conclusions 


This  study  has  avoided  assertions  regarding  the  type  of  life  and  society  to  which 
Canadians  should  aspire.  It  has  confined  itself  to  policy  recommendations  which 
can  be  derived  directly  from  a  simple,  albeit  abstract,  theory  of  the  role  of  the 
state  in  economic  life.  This  theory  assumes  that  the  principal  criterion  by  which 
one  evaluates  proposed  government  actions  is  their  effect  on  real  per  capita 
income.  To  the  resulting  accusations  of  myopia  or  ‘little  thinking,’  one  can  only 
reply  that  the  conclusions  expressed  throughout  this  study  follow  logically  from 
the  theory  employed  while  many  of  the  recent  ‘grand  designs’  for  science  policy 
are  obscure  in  both  origin  and  intent  and  contradictory  in  application. 

The  importance  of  the  assumption  made  regarding  the  role  of  the  state  in  the 
economy  can  be  seen  most  clearly  in  Chapters  1  and  2  which  deal  with  the 
rationale  for  state  intervention  and  the  administration  of  subsidy  systems  respec¬ 
tively.  State  intervention  in  the  production  of  new  knowledge  has  always  been 
justified  as  a  necessary  response  to  the  inappropriability  of  new  knowledge 
(Arrow,  1962,  616-19,  623-5).  It  is  the  essential  result  of  Section  1.2  that  state 
intervention  changes  the  form  of,  but  does  not  eliminate,  the  inappropriability 
problem.  Since  it  has  yet  to  be  demonstrated  that  the  state  has  an  inherent 
advantage  in  dealing  with  this  problem,  its  intervention  does  not  necessarily 
make  us  ‘better  off.’  Similarly,  the  potential  for  risk  reduction  in  an  economy  is 
technical  datum.  Risk  reduction  via  diversification  or  risk  sharing  entails  costs 
which  can  be  avoided  neither  by  the  state  nor  the  market.  The  undertaking  by 
the  state  of  a  risk  bearing  function  does  not  necessarily  make  us  ‘better  off’ 

Given  the  institutional  constraints  imposed  by  the  limited  nature  of  the 
property  rights  awarded  those  producing  new  knowledge,  the  subsidization  of 
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R&D  can  be  shown  to  increase  per  capita  income.  Restrictions  on  either  the 
nature  of,  or  the  activities  of,  recipients  were  shown  to  reduce  per  capita  income 
in  virtually  all  cases. 

The  theory  in  Chapters  1  and  2  and  the  empirical  evidence  in  Chapter  3  can 
be  combined  to  yield  guidelines  for  public  policy  towards  foreign  owned  firms 
and  recommendations  for  future  research.  It  was  concluded  that,  since  any 
government  subsidy  in  excess  of  the  difference  between  the  cost  of  R&D  re¬ 
sources  and  the  private  return  from  them,  is,  if  paid  to  a  foreign  owned  firm,  a 
resource  cost  rather  than  a  transfer,  it  reduces  the  social  rate  of  return  to  the 
subsidized  project.  There  is  a  potential  real  income  gain,  therefore,  from  a  more 
thorough  scrutiny  of  the  subsidy  applications  of  foreign  owned  firms.  ^  This  is  all 
the  more  important,  given  our  finding  that,  although  foreign  owned  firms 
generally  spend  less  on  R&D  in  Canada  (see  Section  1.4),  they  are  more  likely  to 
apply  for  and  receive  an  R&D  subsidy  (see  Section  3.2). 

There  are  a  number  of  areas  in  which  the  material  presented  in  this  study 
could  be  extended  productively.  The  first  is  a  theoretical  and  institutional  inves¬ 
tigation  of  the  nature  and  extent  of  the  property  rights  of  those  producing  new 
knowledge.  The  discussion  in  Chapter  1  has  indicated  that  it  may  prove  socially 
advantageous  to  extend  both  the  range  of  innovations  in  which  property  rights 
inhere  and  the  extent  to  which  benefits  generated  may  be  appropriated  by  the 
innovators. 

The  second  is  a  comprehensive  comparison  of  the  costs  of  conducting  R&D 
within  firms  and  within  government  organizations.  The  discussion  in  Chapter  1 
predicted  that  government  research  operations  would  incur  costs  of  a  different 
sort  than  those  incurred  by  a  firm  operating  in  a  market  environment.  These 
costs  are  not  necessarily  lower  than  those  experienced  by  the  firm  and  it  is  very 
important  to  have  some  theoretical  grounds  upon  which  to  allocate  research 
tasks  between  ‘private’  and  ‘public’  institutions. 

The  third  is  the  operationalization  of  the  subsidization  criteria  developed  in 
Chapter  2.  Research  on  the  appropriate  discount  rate  to  be  applied  to  the 
estimated  benefit  streams  provided  by  applicants  and  techniques  for  estimating 
the  flow  of  both  profits  and  external  benefits  resulting  from  a  given  project  is 
required  before  these  criteria  can  be  applied. 

The  fourth  is  the  estimation,  on  either  an  aggregate  or  an  individual  project 
basis,  the  ex  post  rates  of  return  to  R&D.  This  would  include  both  privately  and 

1  There  is  also  a  potential  real  income  gain  from  abandoning  the  relatively  rigid  50%  cost 

sharing  ride  of  the  existing  subsidy  system  where  foreign  owned  firms  are  concerned. 

See  Section  3.1  for  details  of  present  cost  sharing  arrangements. 
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publically  conducted  R&D  projects.  To  answer  this  question  is  to  answer  what, 
to  this  author,  is  the  fundamental  question  of  whether  the  effect  of  both  past 
and  contemplated  future  R&D  efforts  is  to  make  Canadians  as  a  group  more  or 
less  wealthy. 


Appendix 


The  empirical  work  reported  in  Sections  1.4,  3.2,  3.3,  and  3.4  was  done  at  the 
Department  of  Industry,  Trade  and  Commerce  in  Ottawa.  Results  are  reported 
with  the  permission  of  the  Department.  With  the  exception  of  the  R&D  incentive 
grants,  which  are  taken  from  the  Public  Accounts  (annual),  all  variables  were 
drawn  by  the  Department  of  National  Revenue  from  T-2  Income  Tax  returns 
and  made  available  under  conditions  of  strictest  confidentiality  to  the  Depart¬ 
ment  of  Industry,  Trade  and  Commerce  in  order  to  assist  the  latter  in  evaluating 
the  effectiveness  of  incentive  programs  under  its  jurisdiction. 

Except  where  otherwise  specified,  R&D  expenditures  are  as  defined  in  the 
Canada  Gazette  (1969)  and  exclude  both  inventive  grants,  R&D  done  extra- 
murally,  and  R&D  done  under  contract.  All  other  variables  are  defined  in  the 
text. 

The  sample  consists  of  observations  drawn  upon  a  total  of  107  firms  coded 
by  Statistics  Canada  to  one  of  the  electrical,  chemical,  or  machinery  manu¬ 
facturers  major  groups.  Observations  were  taken  for  each  of  the  years  1967-71. 
The  sample  was  drawn  from  among  firms  which  had  applied  for  a  tax  rebate 
under  the  IRDIA  program  during  any  one  of  the  years  1967-71.  The  sample  is  not 
random  in  the  sense  that  all  firms  chosen  will  have  reported  positive  R&D  spend¬ 
ing  during  at  least  one  of  the  years  1967-71. 

After  allowing  for  missing  observations  (the  membership  of  the  cross-sections 
differs  slightly  from  year  to  year)  and  screening  out  erroneous  observations 
(negative  sales  or  assets,  for  example),  sample  sizes  were  as  follows:  (a)  Section 
1.4  model  (1),  253;  model  (2),  234;  (b)  Section  3.2,  459;  (c)  Section  3.3, 
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electrical  products  manufacturers,  104,  chemical  products  manufacturers,  103, 
machinery  manufacturers,  49;  (d)  Section  3.4,  259. 

The  sample  sizes  are  obtained,  in  all  cases,  by  pooling  annual  cross-sections. 
The  problems  associated  with  the  pooling  of  time-series  and  cross-section  data 
are  discussed  in  Howe  and  McFetridge  (1976). 
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